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PREFACE. 



The present Edition has been entirely re-written and mnch 
condensed. The nomenclature and notation have been 
brought more into accord with the current teaching in this 
country. The metals have been grouped anew (see p. 353), 
and the old grouping of the acids has been abandoned. The 
processes have been made as far as possible complete in them- 
selves, so as to obviate constant reference to difiPerent pages of 
the book. Several new figures have been added, and the 
number of tables has been increased. 

A work of this nature is necessarily complicated, but I have 
endeavoured to render the arrangement as simple as possible. 
The fifth German edition (1862-1864), of which the last 
English edition was an exact translation, has been lately 
reprinted, I have therefore used my own judgment' in the 
omission of several old processes, and in the addition of a few 
new ones. 

I have to thank A. H. Elliott for his cordial assistance. 



A. V. 



School of Chemistry, 
20, Great Marlborough Street 
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REAGENTS. 



LIST OP REAGENTS. 

The following reagents are used in addition to those given 
in the Qu€Uita(ive Analysis : — 

Calcinm chloride^ granulated. 

Chlorine. 

Chromic add. 

Copper. 

Copper oxide. 

Hydrofluoric acid. 

Hydrogen. 

Lead Chromate. 

Litmus tincture. 

Oxygen. 

Potassium iodide. 

Potassium permanganate. 

Soda-lime. 

Sodium hyposulphite. 

Uranic acetate. 

Zinc^ pure. 



PREPARATION AND TESTING OP REAGENTS. 

Oaloimn Chloride, granulated. 

Dissolve crude chloride of calcium in lime-water^ filter, and 
neutralize exactly with hydrochloric acid^ then evaporate in a 
porcelain dish to dryness and expose the residue for several 
hours to a tolerably strong heat (about 200^) on a sand bath. 
The white granular mass obtained by this process consists of 
CaClj|+2aq. The dust should be sifted out. 

B 2 



BEAQENTS AND MANIPULATION. 



Chlorine« 

Take of 

Common salt^ in powder 86 grm. 

Sinoxide of manganese^ in powder . • 30 grm. 

Strong Bulplmric add 60 c.c. 

Water - 42 c.c. 

Mix the acid with the water in a flask^ and when cool add 
the salt and manganese which have been previously well 
mixed together. The evolution of chlorine will at once 
begin. When the current stops apply a gentle heat. 

To prepare chlorine free from hydrochloric acid^ pass the gas 
through a saturated solution of nitrate of lead. 

Ghromle Add. 

Heat some water to 55^^ keep at that temperature^ and add 
powdered bichromate of potassium till it ceases to be dissolved. 
To this solution add a measure and a half of strong sulphuric 
acid gradually^ and then allow to stand several hours. The 
mixture will become semi-solid &om the separation of chromic 
acid. Drain the acid on a fiinnel^ the neck of which is stopped 
with broken glass and asbestos^ stirring so as to facilitate the 
escape of the fluid. Finally spread the acid on a large thick 
tile^ and cover with a bell-glass. In a few days transfer the 
comparatively dry acid to a stoppered bottle. 

Copper. 

Pure copper may be prepared either by the electrotype 
method or as follows : — Precipitate the metal firom a solution 
of the sulphate by a dean iron plate, firee the precipitated 
copper from iron by boiling with hydrochloric acid; then 
wash, dry^ fuse, and roll into sheets. 

Pure copper should dissolve completely in nitric acid. K 
ammonia is added to the solution in excess, no trace of a pre- 
dpitate (iron, lead, &c.) should form even after long standing. 
If hydrochloric acid is added to the solution, no turbidity 
(silver) should be produced. And if the solution is precipi- 
tated with sulphuretted hydrogen, the filtrate should leave no 
Iresidue on evaporation. 

The copper used in the analysis of nitrogenous organic 
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bodies usually consists of turnings moulded into a cylinder 8 or 
10 cm. long and just thick enough to fill the combustion tube. 
To remove all dust^ oxide^ &c.^ the cylinder is first heated to 
redness in the open air^ then put into a tube, through which 
hydrogen is continually passed. When the air has been ex- 
pelled, the tube is heated to redness. 

Copper Oxide« 

Stir pure copper scales with pure nitric acid in a porcelain 
dish to a thick paste ; after the effervescence has ceased, heat 
gently on the sand bath until the mass is perfectly dry. 
Transfer the green basic salt produced to a clay crucible, and 
heat to a moderate redness, until no more fumes of peroxide of 
iatrogen escape ; thi« may be known by the smeU, or by in- 
troducing a small portion of the mass into a test tube, closing 
the latter with the finger, heating to redness, and then looking 
through the tube lengthwise. During the heating the oxide 
should be stirred firom time to time with a hot glass rod. 
When the crucible has cooled a little, powder and sift the 
oxide through a metal sieve. 

Oxide of copper may be regenerated by treatment with 
nitric acid and ignition. Should it have become mixed with 
alkaline salts it is first digested with very dilute cold nitric 
acid, and washed afterwards with water. To purify oxide of 
copper containing chloride, E. Erlenmbyer recommends to 
ignite it in a tube, first in a current of moist air, and finally 
when the escaping gas ceases to redden litmus paper in dry 
air; in this process any oxides of nitrogen that mav have re- 
mained are also removed. 

Bjdroflaorlo Aeid. 

Tbe Ckw« 

This is prepared firom finely powdered cryolite or fluor spar, 
and strong sulphuric acid. For 1 part of cryolite, 2^ parts of 
the acid are used ; for 1 part of fluor spar, 2 parts of the acid 
are used. If the hydrofluoric gas is to be applied at once to 
the substance, the latter is enclosed in a leaden box with the 
materials for producing the gas. 
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The Solutioii« 

For this cryolite is preferable to fluor spar^ as the latter is 
liable to contain silica. A leaden retort and receiver form a 
convenient apparatus. The retort should have a movable 
head^ which can be luted on. The receiver should be like a 
box^ with a tubulure at the side^ the lid being movable^ and 
having an opening at the top. In the receiver a platinum 
dish containing water is placed^ all joints are luted^ and the 
retort is cautiously heated in a sand bath. The solution found 
at the end of the operation in the platinum dish is perfectly 
pure ; it should be kept in a gutta percha bottle. The small 
quantity of impure hydrofluoric acid which collects at the 
bottom of the receiver is thrown away. 

Hydrofluoric acid should be entirely volatile when heated 
in a platinum dish on a water bath. It should give no pre- 
cipitate on neutralization with potash (hydrofluosilicic acid). 

Xiead Chromate. 

Precipitate a filtered solution of acetate of lead, slightly 
acidified with acetic acid, with an excess of bichromate of potas- 
sium ; wash the precipitate by decantation, and at last tho- 
roughly on a linen strainer ; dry, put into a clay crucible, and 
heat to bright redness until the mass fairly fuses. Pour out 
upon a stone slab or iron plate, powder, and sift. 

Chromate of lead may be regenerated by being powdered, 
moistened with nitric acid, dried, and fused. 

XiltmiiB Tincture« 

Take of 

Litmus, in powder 20 grm. 

Water 100 c.c. 

Alcohol : . 20 c.c. 

Digest the litmus with the water, previously made hot, filter 
off the insoluble matter, boil, add iiitric acid in slight excess, 
then neutralize exactly with potash ; finally add the alcohol. 

Tincture of litmus should be kept in a bottle closed by a 
cork, through which a glass tube passes. The tube should 
reach into the fluid, so that by closing the top of the tube 
with the finger, and then removing the tube, a small quantity 
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of the tinctare may be withdrawn. The cork should have a 
piece cut out at the side^ so that air may have firee access to 
the tincture. 

Ozjrsren« 

Weigh out some chlorate of potassium^ and mix it tho- 
roughly with -nmr of its weight (exactly weighed) of finely- 
powdered sesquioxide of iron.* Use 8*7 grm. of the salt for 
eyery litre of oxygen required. Introduce the mixture into a 
flask^ which must not be more than half full^ and heat gra- 
dually. As soon as the salt begins to fiise^ shake the flask 
a little^ that the contents may be uniformly heated. The cto- 
lution of gas soon commences^ and proceeds rapidly^ but not 
impetuously. As soon as the air is expelled^ collect the oxygen 
in a gas-bag or other holder. 

The oxygen thus prepared is liable to contain traces of car- 
bonic «cid and chlorine. 

Potassium Iodide. 

This salt should not give a blue colour on treatment with 
hydrochloric acid and starch solution. If it does (from pre- 
sence of iodate) mix it with a little wood charcoal and fuse it 
in a platinxmi dish^ then treat with water^ and filter. It should 
be dissolved in 10 parts of water. 

Soda-lime. 

Take of 

Soda 100 grm. 

Grood quicklime 200 grm. 

Water A suftciency. 

Dissolve the soda in a small quantity of water^ add the 
Urne, evaporate to dryness in an iron pan, and finally heat to 
low redness till no more water is given off. Break up the 
large pieces, and then, with the aid of a sieve, separate into 
coarse powder and small lumps. Preserve each in well-closed 
bottles. 

Soda-lime should not effervesce much when treated with 
excess of dilute hydrochloric add. 

* The oxygen prepared in the nsnal way from a mixture of chlorate of 
potassium with a comparatively lar^ proportion of binoxide of manga- 
nese, always contains a qnantil^ of chlorine. 
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Vranlo Acetate. 



Heat finely-powdered pitchblende with dilute nitric acid^ 
and filter. Treat the filtrate with sulphuretted hydrogen to 
precipitate lead^ copper^ and arsenic^ and filter. Evaporate 
the filtrate to dryness^ extract with water^ and filter off the 
oxides of iron^ cobalt^ and manganese. Uranic nitrate crys- 
tallizes from the filtrate ; purify this by recrystallization^ and 
then heat the crystals until a sjnall portion of the sesquioxide 
of uranium is reduced. Warm the yellowish-red mass thus 
obtained with acetic acid^ filter, and let the filtrate crystallize. 
The crystals consist of uranic acetate, and the mother-liquor 
contains the undecomposed nitrate. 

On acidifying solution of uranic acetate with hydrochloric 
acid, and adding sulphuretted hydrogen, no change should be 
produced. The precipitate produced by carbonate of ammo- 
nium should be soluble in excess of the precipitant. 

ZlnCf pore. 

If you merely want zinc free from iron, you may use the 
crude product obtained from the reduction of the ore, as this 
contains, in many cases at least, only inconsiderable traces of 
iron. The ordinary zinc of commerce, which is prepared by 
melting the crude zinc in an iron pan, contains much more 
iron, as melted zinc has the property of slowly dissolving that 
metal. 

If, however, you want zinc which is completely soluble in 
sulphuric acid, the commercial zinc must be redistilled from a 
clay or black-lead retort. The operation is conducted in a 
furnace with good draught. The neck of the retort must 
hang down as perpendicularly as possible over a pan of water. 
The distillation begins as soon as the retort is at a bright red 
heat. As the neck of the retort is very liable to become 
choked with zinc or oxide of zinc, it is necessary to keep it 
constantly open with a piece of iron wire ; or, if any contami- 
nation with iron is to be avoided, with the stem of a clay pipe. 
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Fowdeiinflr of Mineral«. 

Minerals which are yery difficult to pulverize should be 
strongly ignited^ then suddenly plunged into cold water^ and 
again ignited. This process is of course only applicable where 
the mineral loses no essential constituent on ignition^ and is 
perfectly insoluble in water. 

Minerals insoluble in acids require to be particularly finely 
divided^ and it is therefore sometimes convenient to submit 
them either to levigation^ elutriation^ or sifting through linen. 
Before using the two former processes^ it must be remembered 
that many substances usually considered insoluble in water^ 
when in a state of very minute division^ give up some of their 
constituents to that fluid. Thus^ for instance^ glass readily 
yields 2 or 3 per cent, of matter under these circumstances ; 
and again felspar^ granite^ trachyte^ and porphyry will lose 
both alkali and silica. 

Levigation is performed as follows : — ^Add a little water to 
the pounded mineral in the mortar^ and triturate the paste 
until all crepitation ceases^ or^ which is a more expeditious 
process^ transfer the mineral paste firom the mortar to an agate 
or flint slab^ and triturate it thereon with a muUer. Rinse the 
paste off^ with the washing bottle, into a porcelain dish, eva- 
porate on the water-bath, and mix the residue thoroughly with 
the pestle. 

To perform the process of ebUruUion, the pasty mass, having 
first been very finely triturated with water, is washed off into 
a beaker, and stirr^ with distilled water ; the mixture is then 
allowed to stand a minute or so, after which the supernatant 
turbid fiuid is poured off into another beaker. The sediment, 
which contains the coarser parts, is then again subjected to the 
process of trituration, &c., and the same operation repeated 
until the whole quantity is elutriated. The turbid fluid is 
allowed to stand at rest until the minute particles of the sub- 
stance held in suspension have subsided, which generally takes 
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many hours. The water is finally decanted^ and the powder 
dried in the beaker. 

The process of sifting is conducted as follows : A piece of 
fine^ well- washed^ and thoroughly dry linen is placed over the 
mouth of a bottle about 10 cm. high^ and pressed down a little 
into the mouthy so as to form a kind of bag j a portion of the 
finely triturated substance is put into the bag^ and a piece of 
soft leather stretched tightly over the top by way of cover. 
By drumming with the finger on the leather cover^ a shaking 
motion is imparted to the bag^ which makes the finer par- 
ticles of the powder gradually pass through the linen. The 
portion remaining in the bag is subjected again to tritura- 
tion in an agate mortar^ and^ together with a fresh portion 
of the powder^ sifted again; and the same process is con- 
tinued untU the entire mass has passed through the bag into 
the glass. 

Care must be taken to avoid a loss of substance in the 
process of elutriation or sifting^ as this loss is likely to be dis- 
tributed unequally among the several component parts. 

In cases where it is intended to ascertain the average com- 
position of a heterogeneous substance, of an iron ore for 
instance^ a large average sample is selected^ and reduced to a 
coarse powder ; the latter is thoroughly intermixed^ a portion 
of it powdered more finely, and mixed uniformly, and finally 
the quantity required for analysis is reduced to the finest 
powder. The most convenient instrument for the crushing 
and coarse pounding of large samples of ore, &c., is a steel 
anvil and hammer. The anvil in my own laboratory consists 
of a wood pillar, 85 cm. high and 26 cm. in diameter, into 
which a steel plate, 3 cm. thick and 20 cm. in diameter, is let 
to the depth of one-half of its thickness. A brass ring, 5 cm 
high, fits round the upper projecting part of the steel plate. 
The hammer, which is well steeled, has a striking surface of 
5 cm. diameter. An anvil and hammer of this kind afford, 
among others^ this advantage^ that their steel surfaces admit 
most readily of cleaning. 

nitratioii and WaaUnsr of Freolpltates. 

The paper generally used is the Swedish, as it is purer and 
finer in texture. This, however, gives about "3 per cent, of 
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ash,'^ and yields to acids perceptible traces of iron^ calcium^ 
and magnesium. For delicate analyses it is washed with acid 
as described in the Qualitative Analysis. 

Before commencing to use the filter^ adjust the beaker or 
other vessel intended to receive the filtrate^ so that its side 
may be in contact with the end of the funnel. The filtrate 
will then run quietly down without splashing. 

It is usual to allow the precipitate to subside^ and then to 
filter the supernatant and nearly clear fluid. When the pre- 
cipitation has been performed in the heat^ the fluid should be 
filtered off", if possible^ before it gets cool. In transferring the 
fluid from the precipitating vessel to the filter^ grease the Up 
of the former slightly on the outside, and then pour the fluid 
down a glass rod, directing the stream onto the side of the 
paper. 

For washing the precipitate we always use hot water, when 
practicable. When the supernatant fluid has been poured off 
we often commence washing the precipitate by decantation, 
decanting of course through the filter. The precipitate should 
not fill the filter, otherwise it will be difficult to wash it com- 
pletely. To rub off the last traces of precipitate from the 
precipitating vessel, you may use a piece of cylindrical india- 
rubber, 8-10 mm. in diameter and 20-25 mm. long, fixed into 
a glass tube for a handle. It is well to cut the projecting 
part of the india-rubber to the shape of a wedge.f Sometimes 
a portion of the precipitate will adhere so strongly that it 
cannot be removed by rubbing ; in that case it may be dis- 
solved and reprecipitated. In washing a precipitate on a 
filter, take care to let the old water run out before adding 
fresh, and to wash the edge of the filter ; and make sure that 
the washing is complete before you leave off. 



* The following is an analysis of the ash of Swedish filtering-paper by 

PLANTAMOira : — 

Ferric oxide 13-92 

Lime 12-83 

Magnesia 6*21 

Alnmina 2*94 

SiUca 63-23 

99-13 

<f* In cutting india-rubber, a sharp knife dipped in spirit should be 
naed. 
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Srjrinff of Fredpitaies. 

Precipitates are dried differently^ according as it is intended 
to weigh them with the filter^ or to ignite them and incinerate 
the filter. 

In the former case^ the filter is first half-^dried^ either on 
blotting paper or in the funnel over a gas lamp^ then thoroughly 
dried at a known temperature (in a water or air bath)^ and 
weighed between two clasped watch glasses. In this instance, 
the weight of the filter and watch glasses must be previously 
determined^ after drying at the same temperature which is 
used in drying the precipitate. 

In the latter case^ the filter is best dried in the funnel 
either over the gas or in an air bath or common oven. The 
drying must be complete ; for any water that remains will be 
expelled by the ignition with such rapidity that particles of 
solid matter may be carried away with it. 

Zpnitlon of Precipitates. 

The crucible intended to receive the precipitate is first 
ignited and weighed, and the lamp is lighted. A sheet of 
glazed paper is spread on the bench, and on this is placed 
the crucible and a platinum wire about 15 cm. long. The 
filter containing the precipitate is taken out of the funnel, 
and gently pressed together over the glazed paper, to de« 
tach the precipitate which is then shaken into the crucible ; 
the remainder of the precipitate is separated as far as possible 
from the filter by rubbing, and transferred to the crucible. 
The filter with the small quantity of precipitate adhering to 
it which cannot be separated is now folded up and incinerated 
in a coil of the platinum wire, the ash being received in the 
crucible. Finally, any particles of the precipitate or ash which 
may have fallen on the glazed paper are transferred to the 
crucible, and the latter is ignited. Occasionally the ash of 
the filter is received on the lid of the crucible apart from the 
rest of the precipitate. 

A platinum crucible is always used if practicable, and the 
ignition over the Bunsen is continued for, say five minutes. 
Sometimes the precipitate requires heating over the blow- 
pipe. 
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It will be seen tbat the precipitate is ireighed witli the 
filter ash ; a determination of the weight of the latter must 
therefore be made. This is done once for all by taking ten 
filters (or an equal weight of cuttings)^ incinerating, weighing 
the ash and dividing by 10. 

tgutOmk la Krdrocen. 

The aj^taratos employed fen* this purpose is represented 
below. 

Fn. 1. 



The hydrogen is first dried by sulphuric acid. It is then 
passed, by the aid of a porcelain tube, through the perforated 
lid of the crucible. 



The upper part of the furnace is represented in section. 
The furnace stands 8 feet 6 inches high. The Bunben burner 
which supplies the heat is 1 foot high. The cylindrical box 
OQ the top of the tripod is 8 inches in diameter, it contains a 
«CTerberatory dome of fire-clay. 

By the aid of this furnace a crucible 4| inches high, and 

• The fnmaceB described in the text are made by Gaimir, Pot a fnller 
descnptioa of them aee his " Chemical Handicraft," pp. 95 and 108. 
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Fra. 2. 



fiUed with material, mfty be heated to full redness id half-an- 
hottr. 



OombutlMi FuMM. 
Fis. S. 
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The gas is burnt at a tow of Bunsen burners. The tube 

to be heated is laid on a narrow sheet-iron trough^ containing 

asbestos^ and is packed in fire-clay bricks of a peculiar 

pattern. 

8¥aporatlon. 

Glass and porcelain should not be used for evaporations in 
analyses pretending to a high degree of accuracy.* In such 
cas^ platinum or silver dishes are preferable. 

Solutions of the chlorides of mercury^ bismuth^ tin^ anti- 
mony^ and arsenic^ and also of boracic acid^ cannot be evapo- 
rated without loss. 

The Balance. 

The following experiments serve to test the accuracy and 
sensitiveness of a balance : — 

1. The balance is, in the first place^ accurately adjusted^ if 
necessary^ either by the regulating screws^ or by means of tin- 
foil^ and a milligramme weight is then placed in one of the 
scales. A good and practically useful balance must turn very 
distinctly with this weight; a delicate chemical balance should 
indicate *1 mgrm. with perfect distinctness. 

2. Both scales are loaded with the maximum weight the 
construction of the balance will admit of — ^the balance is then 
accurately adjusted^ and a milligramme added to the weight in 
one scale. This ought to cause the balance to turn to the 
same extent as in 1. In most balances^ however^ it shows 
somewhat less on the index. 

8. The balance is accurately adjusted (should it be neces- 
sary to establish a perfect equilibrium between the scales by 
loading the one with a minute portion of tinfoil^ this tinfoil 
most be left remaining upon the scale during the experiment); 

* The following table shows the quantity of matter taken up on evapo* 

rating single litres of varions solutions nearly to dryness in Bohemian 

fldass and Berlin porcelain yessels. 

Taken up from 

gllM. 

Distilled water ........ 14 mgrm. 

Dil. hydrochloric acid (1 in 10) . . „ 
SoL chloride of ammonium (1 in 10) 40 „ 

One litre of solution of carbonate of sodinm, containing -^ of the crys- 
tals, gently boiled for three honrs in a Bohemian flask, wiui replacement of 
the evaporating water, took np 450 mgrm. of silicic acid. Tlie same ex- 
periment was repeated in a porcelain dish, when 24 mgrm. of silicic acid 
were taken np. 



porcelain. 
*5 n^rm« 
5 



40 ,. 



16 BEAOENTS AND MANIPULATION. 

both scales are then equally loaded, say with fifty grammes 
each, and, if necessary, the balance is again adjusted (by the 
addition of small weights). The load of the two scales is 
then interchanged, so as to transfer that of the right scale to 
the left, and vice versa. A balance with perfectly equal arms 
must maintain its absolute equilibrium upon this interchange 
of the weights of the two scales. 

4. The balance is accurately adjusted ; it is then arrested 
and again set in motion ; the same process should be repeated 
several times. A good balance must inyariably reassume its 
original equilibrium. A balance the end edges of which 
afford too much play to the hook resting upon them, so as to 
allow the latter slightly to alter its position, will show per- 
ceptible differences in different trials. This fault, however, is 
possible only with balances of defective construction. 

A balance must stand the first, second, and last of these 
tests. A slight inequality of the arms is of no great conse- 
quence, as it occasions no error in the ordinary process of 
weighing (see Weighing, p. 17). 

As the sensitiveness of the balance will speedily decrease if 
the steel edges are allowed to get rusty, delicate balances 
should never be kept in the laboratory, but always in a sepa- 
rate room. It is also advisable to place within the case of the 
balance a beaker or two half-filled with sulphuric acid. 

The Welarbte. 

It is not of so, much importance that the weights should 
be actually normal weights, but it is absolutely necessary that 
they should perfectly agree among themselves — t.e., that the 
centigramme weight should be exactly -x-^ of the gramme, 
and so on. 

The following is the proper way of testing the weights : — 
One scale of a delicate balance is loaded with a one-gramme 
weight, and the balance is then completely equipoised by 
taring with small pieces of brass, and finally tinfoil (not paper, 
since this absorbs moisture). The weight is then removed, 
and replaced successively by the oihest gramme Weights, and 
afterwards by the same amount of weight in pieces of lower 
denominations. The balance is carefully scrutinized each 
time, and any deviation from the exact equilibrium marked. 



MANIPULATION. 17 

In the same way it is seen whether the two-gramme piece 
weighs the same as two single grammes^ the five-gramme 
piece the same as three single grammes and the two-gramme 
piece^ &c. 

In the comparison of the smaller weights thus among them- 
selves^ they mnst not show the least difference on a balance 
turning with '1 mgrm. In comparing the larger weights 
with all the small ones^ differences of *1 to *2 mgrm. may be 
passed over. If you wisik them to be more accurate^ you 
must adjust them yourself. In the purchase of weights 
chemists ought always to bear in mind that an accurate 
weight is truly valuable^ whilst an inaccurate one is absolutely 
worthless. Experience has taught me that it is invariably 
the safest way for the analytical chemist to test every weight 
he purchases^ no matter how high the reputation of the maker 
may happen to stand. 

Weights slightly tarnished are not unfit for use. It is, 
indeed, hardly possible to prevent weights for any very great 
length of time from getting sUghtly tarnished. I have care- 
fuUy examined many weights of this description, and have 
fo Jd them as exactly' corriponding with one Lther in their 
relative proportions as they were when first used. The tar- 
nishing coat, or incrustation, is so extremely thin, that even a 
very delicate balance wiU generally fail to point out any per- 
ceptible difference in the weight. 

veiirUiiff- 

It is usual to weigh in vessels and to put the weights always 
on one pan — ^most conveniently the right. Under these cir- 
cumstances any little defect in the equilibrium of the two 
sides (if it remains constant) or any little difference in the 
lengths of the arms, does not interfere with the accuracy of 
the result. 

Substances liable to attract moisture must be weighed in 
closed vessels — ^in covered crucibles, or between watch-glasses, 
or in a closed tube. 

A vessel cannot be accurately weighed while warm ; for it 
is surrounded by ascending currents of air, which cause its 
apparent weight to vary every instant. 
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The balance should always be arrested before any change in 
the loading of the pans is made. 

The weights should not be tried at random^ but systematic 
cally. Suppose for instance we want to weigh a crucible the 
weight of which turns out to be 6*627 ; we try 10 grm. and 
finding this too much replace it by the next lower weighty 
5 grm.^ finding this too little^ we add the next weight, 2 
(making 7 grm.)^ this is too much^ so we take the 2 grm. off 
and put on the 1 grm. (making 6 grm.), this is too little, so 'we 
add the next weight, '5 (making 6*5), and so on until tlie 
exact weight is found. 

The weights should always be entered carefully in a book 
(not on scraps of paper). The best way is to write down the 
weights first by inference from the vacancies in the box, and 
to control the entry subsequently when removing the weights 
from the pan and placing them in their respective compart- 
ments in the box. The weight of the vessel should be entered 
beneath the total weight of the vessel and substance. 

We sometimes tveigh by substitution. This method gives 
absolutely accurate results, no matter whether the arms of the 
balance be of exactly equal length or not, or whether the 
scales be in perfect equipoise or not. The process is con- 
ducted as follows : the material to be weighed — say a plati- 
num crucible — is placed on one pan, and the other pan is 
accurately counterpoised against it. The platinum crucible is 
then removed, and the equilibrium of the balance restored by 
substituting weights for the removed crucible. It is perfectly- 
obvious that the substituted weights will invariably express the 
real weight of the crucible with absolute accuracy. We weigh 
by substitution whenever we require the greatest possible 
accuracy; as, for instance, in the determination of atomic 
weights. The process may be materially shortened by first 
placing a tare (which must of course be heavier than the sub- 
stance to be weighed) upon one pan, say the left, and loading 
the other pan with weights until equilibrium is produced. 
This tare is always retained on the left pan. The weights 
after being noted are removed. The substance is placed on the 
right pan, together with the smaller weights requisite to re- 
store the equilibrium of the balance. The sum of the weights 
added is then subtracted from the noted weight of the counter- 
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poise : the remainder will at once indicate the absolute weight 
of the subfitance. 

BKeasnriiiflr nosks. 

The measuring flask is intended to hold a certain quantity 
of fluid when filled up to a mark on its neck. The sizes re- 
quired are 1 litre, 4- litre^ and -{- litre. 

To prepare a litre flask^ first by roughly measuring find a 
flask in which the litre will come up within the lower half of 
the neck. Dry the flask^ tare it^ and weigh into it 999 grm."^ 
of distilled water at 16^. Put the flask on a horizontal table^ 
bring your eye to a level with the surface of the water, and 
mark the height of the bottom of the curve by two little dots 
made on the glass with a point dipped into thick pitch varnish, 
or some other substance of the kind. Finally pour out the 
water, place the flask in a convenient position, and cut with a 
diamond a fine distinct line into the glass from one dot to 
the other. 

Measuring flasks already made should be tested and if neces- 
sary adjusted as just described. In testing them, difierences up 
to "1 grm. in the litre, '07 in the half litre, and '05 in the 
quarter litre, are not noticed, as one and the same measuring 
flask will be found to ofier variation to the extent indicated in 
re])eated consecutive weighings, though filled each time exactly 
up to the mark with water of the same temperature. 

Pipettes. 

The pipette is intended to deliver a certain quantity of 
fluid when filled up to a mark on the stem.f The most con- 
venient sizes are the 10 c.c. and 50 c.c. 

To fill a pipette, the point is immersed in the fluid, and 
suction is applied to the upper aperture until the fluid stands 
above the mark ; the upper aperture is then closed with the 
first finger of the right hand (the point of which should be a 
little moist) ; the pipette being then held in a vertical position, 

* "With absolute accuracy 998*981. This quantity of water at 16° 
measnies exactly 1 litre. To take 1000 grm. of water at 4P is less practical, 
as the weighing wotdd have to be conducted in a room as cold. Mohr has 
guggested to construct litre flasks to hold 1000 grm. water at 16° — one of 
these flasks would hold 1001*2 standard c.c. This plan cannot be recom- 
mended, as it involves a false application of the term " litre." 

t Graduated pipettes are of no use. 

c 2 
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the excess of fluid is allowed to drop out by lifting the finger 
cautiously. When the pipette is all but empty^ the point 
should be held to drain for a few seconds against a moist por- 
tion of the side of the vessel. This mode of emptying the 
pipette is better than blowing into it or simply allowing the 
pipette to empty itself — I have always found the measurements 
to agree better with each other. 

The correctness of a pipette is tested by filling it with dis- 
tilled water at 16°, letting the water run out, in the manner 
just stated, into a tared vessel, and weighing. A 50 c.c. 
pipette is correct if the water weighs 49'95 grm. 

With regard to the agreement between different measure- 
ments made with the same pipette, we find that a 10 c.c. 
pipette, though filled and emptied each time with the greatest 
of care, will show differences up to '01 grm. ; in the same 
manner a 50 c.c. pipette will give variations up to '04 grm. 

We often use a pipette in conjunction with a measuring- 
flask ; thus, for instance, we dissolve a substance to 250 c.c. in 
a flask, take out a 50 c.c. pipetteful, and expect to have -^ of 
the original quantity of substance. In this case, of course, 
the two vessels need not be of normal capacity ; but they must 
agree with each other. The pipette should be filled five times 
with water, and emptied into the flask ; if the level of the 
water does not correspond with the mark on the flask, another 
mark may be made. 

Burettes. 

Mohr's burette is now generally used in preference to all 
others. The sizes most convenient are 10 c.c. graduated to 
•1 c.c, 50 c.c. graduated to '1 c.c, and 50 c.c graduated t^ 
•5 c.c To these should be added a 50 c.c burette graduated 
to '1 c.c, with the india-rubber and clip replaced by a simple 
glass tap fused on. This last is necessary, because some solu- 
tions are decomposed by the india-rubber. 

We read off generally at the bottom of the curve, the eye 
being brought as nearly as possible to the same level. With 
opaque fluids, of course, we read off at the top edge of the 
curve. 

Some chemists use Erdmann^s float, a contrivance which 
enables the operator to read off more exactly. A fine circle is 
drawn round the float at about the middle, and at this we read 
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off, the real height of the fluid in the burette being disre- 
garded. The float should be so fitted to the width of the 
burette, that when placed in the fluid it will descend without 
watering when the tap is opened, and when it has been 
pressed down into the fluid (the tap being closed) it will slowly 
rise again. It must not lean against the side, and the circle 
must always be parallel to the graduations on the burette. 

The correctness of the graduation of a burette is tested as 
follows : — Pill the instrument to with water of 16°, then run 
the liquid 10 c.c. at a time into so many tared flasks till the 
burette is empty. Every 10 c.c. of the water at 16° should 
weigh 9*99 grm. Difierences up to '01 grm. may be disre- 
garded, since even with the greatest care in reading ofi^, devia- 
tions to that extent will occur in repeated measurements of 
the uppermost 10 c.c. of one and the same burette. With the 
float, the weighings agree much more closely, and the diffe- 
rences for 10 C.C. do not exceed *002 grm. 



I 
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PROPERTIES OF METALS AND THEIR 

COMPOUNDS. 



Silver. 



Is soluble readily and completely in dilute nitric add. Igni- 
tion leaves its weight unaltered. 

Cbloride of 8ilT0r« 

When recently precipitated the small particles agglomerate 
on shakings and the fluid becomes clear; but this is satis- 
factorily effected only when the precipitate has been recently 
produced^ and excess of silver solution is present. Exposed to 
üffht it turns violet^ finally blacky losing chlorine^ and passing 
partly into Ag^Cl. The change is quite superficial ; but the 
loss is very appreciable. If chloride of silver which has been 
exposed to lights is treated with ammonia^ it dissolves except a 
very small quantity of metallic silver (AgjjCl=AgCl + Ag). 

Behavior with solvents. — It is very insoluble in water. 
In contact with water at 75° for twenty-four hours, although 
not exposed to light, it is decomposed ; the precipitate con- 
tains oxide of silver, and. the water hydrochloric acid. It is 
insoluble or very nearly so in strong sulphuric acid, and still 
more insoluble in the dilute acid. It is perceptibly soluble in 
hydrochloric acid, especially if the acid is strong and boiling ; 
1 part dissolves in 200 parts of the strong acid and 600 parts 
of a mixture of 1 part of strong acid and 2 parts of water ; on 
diluting with water the chloride is completely reprecipitated. 
It is very insoluble in dilute nitric acid; the strong acid dis- 
solves a trace. Potash and soda decompose it at the ordinary 
temperature, but more readily on boiling. Ammonia dissolves 
it readily ; 1 part dissolves in 12*88 parts of solution of '89 s.g. 
Carbonate of sodium (or of potassium) has hardly any action 
even on boiling. Hyposulphite of sodium and cyanide of potas^ 
Hum dissolve it readily. By digesting with bromide or iodide 
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of potassium it is completely transformed into bromide or 
iodide of silver. It is a little soluble in the nitrates of the 
metals of Groups lY. and V. in the cold^ and rather more 
soluble on heating. Chlo7*ides of zine^ calcium^ potassium, 
sodium^ ammonium^ especially if hot and concentrated^ dis- 
solve it appreciably ; on dilution the sUver is completely re- 
precipitated. It is tolerably soluble in mercuric nitrate; 
alkaline acetates reprecipitate it. 

Behavior on heating. — On heating it turns yellow; at 
260° it fiises^ forming a transparent yellow fluid, which is 
slightly yellow on cooling. At a very strong heat it volatilizes 
unchanged. It absorbs chlorine when fused in that gas ; this 
escapes on cooling but not completely ; if the gas is to be 
completely expelled, we pass carbonic acid before cooling. It 
is not reduced by ignition with charcoal; but is readily re- 
duced to metal by ignition in hydrogen, carburetted hydrogen 
or carbonic oxide. 

flnlplilde of Silver. 

Is unalterable in the air when moist. 

Behavior with solvents. — It is insoluble in water and 
dilute acids. It dissolves in strong nitric acid with separation 
of sulphur. It is insoluble in alkalies, alkaline sulphides, and 
in cyanide of potassium unless the cyanide is greatly in excess; 
in the latter case a trace is dissolved which is generally repre- 
cipitated on addition of water. 

Behavior on heating. — It may be dried at 100° without 
decomposing. Ignition in hydrogen reduces it readily and com- 
pletely to the metallic state. 

Xiead. 

Carbonate of lioad. 

Behavior with solvents. — It is very slightly soluble in 
perfectly pure (boiled) water, 1 part requiring 50550 parts. It 
dissolves somewhat more readily in water containing ammonia 
and ammonium salts or carbonic acid. 

Behavior on heating. — ^When ignited it loses its carbonic 
acid, leaving the oxide. 

Oxide of Kead. 

The ignited oxide slowly absorbs carbonic acid on exposure 
to the air. It turns moist litmus blue. 
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Behavior on heating. — ^When heated it turns a darker 
color, without any alteration of weight. At an intense red 
heat it fuses, and will readily dissolve silica and earthy sili- 
cates. At a white heat, but not before, it rises in vapor. 
Ignited with chloride of ammonium, it is converted into chlo- 
ride of lead. By ignition with charcoal it is reduced. 

Bvlpbate of Ziead. 

Is unalterable in the air. 

Behavior with solvents. — It dissolves in 22800 parts of 
cold water. It is almost entirely insoluble in alcohol. Strong 
sulphuric acid dissolves it sparingly ; on dilution with water it 
is reprecipitated (more completely on addition of alcohol). In 
water containing sulphuric acid, it is much less soluble than 
in pure water (1 part requiring 36500 parts). When heated 
with strong hydrochloric acid it dissolves. In nitric acid it 
dissolves the more readily, the stronger and the hotter the 
acid; water fails to reprecipitate the lead, but it is repre- 
cipitated by a copious addition of sulphuric acid. It is readily 
soluble in hot potash or soda. Alkaline carbonates and bicar- 
bonates convert it, even at the common temperature, com- 
pletely into carbonate of lead ; the carbonates, but not the 
bicarbonates, dissolve some oxide of lead in this process. 
Moderatelv strong hyposulphite of sodium dissolves it com- 
pletely even if cold, more readily if warmed; on boiling a 
small quantity of sulphide of lead separates. Of the ammO' 
nium salts, the nitrate, acetate and tartrate are more espe- 
cially suited to act as solvents* for this body ; the two latter 
salts should contain excess of ammonia. In water containing 
ammonium salts, it dissolves far more readily than in pure 
water ; it is reprecipitated by adding sulphuric acid. 

Behavior on heating. — On ignition it fuses without de- 
composing, provided reducing gases be completely excluded. 
When ignited with charcoal, sulphide of lead is formed at 
first ; if the heat be raised, this sulphide reacts on the remain- 
ing sulphate, producing metallic lead and sulphurous acid. 
Fused with cyanide of potassium it is reduced to the metallic 
state. Strongly ignited unth sulphur in hydrogen it is con- 
verted into sulphide. 
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Chloride of &end. 

Is unalterable in the air. 

Behavior with solvents. — It dissolves in 185 parts of 
cold water and is far more soluble in hot water. It is very 
sparingly soluble in alcohol of 70-80 per cent, and insoluble 
in absolute alcohol. It dissolves pretty freely in strong hydro- 
chloric add, from which it may be partially reprecipitated 
by addition of water. In water containing hydrochloric or 
nitric acid it is less soluble than in pure water ; 1 part requires 
1636 parts of water containing nitric acid. 

Behavior on heating. — It fiises below a red heat^ with- 
out losing weight. Ignited with access of air, it slowly 
volatilizes, being partially decomposed ; chlorine escapes, and a 
mixture of oxide and chloride remains. 

Balpbiae of &ead. 

Is unalterable in the air. 

Behavior with solvents. — ^It is insoluble in water. It 
dissolves in hot strong hydrochloric add, evolving sulphu- 
retted hydrogen. On treating with nitric acid, if the acid 
is not too weak, it dissolves, sulphur separating ; if the acid 
is rather strong, a small quantity of sulphate of lead is formed. 
Fuming nitric acid acts energetically upon sulphide of lead, and 
converts it into the sulphate, without sulphur separating. It 
is insoluble in dilute acids, alkalies, and alkaline sulphides. 

Behavior on heating. — It cannot be dried at 100^ with- 
out decomposing, even becoming a few per-cents heavier if 
the heating is long continued. Ignited with sulphur in hydro- 
gen, at a good red heat, pure sulphide of lead remains ; if 
less heat be employed the residue contains excess of sulphur. 

Chromate of Iioad. 

Is unalterable in the air. 

Behavior with solvents. — ^It ia insoluble in water and acetic 
add. It is barely soluble in nitric acid. Boiled with strong 
hydrochloric add, it is readily converted into the chlorides of 
lead and chromium ; alcohol tends to promote this decomposi- 
tion. It is readily soluble in potash. 

Behavior on heating. — It dries thoroughly at 100°. It 
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fuses at a red heat. When heated beyond its fusing pointy it 
loses oxygen^ and is converted into oxide of chromium and 
basic Chromate of lead. 



When pure it has a perfectly bright surface. It is unal- 
terable in the air at the ordinary temperature. 

Behavior with solvents. — Upon protracted boiling with 
water J a small quantity volatilizes^ and traces escape with the 
aqueous vapor^ whilst a minute quantity remains suspended in 
the water. This suspended portion subsides completely on 
long standing. It dissolves readily in boiling strong sulphuric 
add; the cold dilute acid barely dissolves it. It does not dis- 
solve in hydrochloric acid, even in the strong acid. It is readily 
dissolved by rdiric add. 

Meremie Oxide. 

Behavior with solvents. — Water takes up a trace of it, 
acquiring thereby a very weak alkaline reaction. Hydrochloric 
and fdtric adds dissolve it readily. 

Behavior on heating. — It bears a tolerably strong heat, 
but when heated to incipient redness, it decomposes into mer- 
cury and oxygen. When pure it leaves no residue on ignition; 
the escaping fiimes should not redden litmus. 

Meronroiia CUoride. 

Is unalterable in the air. 

Behavior with solvents. — It is insoluble in cold water. 
It is gradually decomposed by boiling water, which takes up 
chlorine and mercury ; upon continued boiling the residue be- 
comes grey. Boiling strong hydrochloric add decomposes it 
into mercuric chloride and metal. Highly dilute hydrochloric 
acid fails to dissolve it at the ordinary temperature, but dis- 
solves it slowly at a higher temperature ; upon boiling with 
access of air, it is gradually dissolved to mercuric chloride 
(Hg5Clj+2 HCl + 0=2 HgClg + HjO). BoiUng nitHc arirf dis- 
solves it. Nitrohydrochloric add dissolves it easily. Alkaline 
chlorides decompose it into metal and mercuric chloride ; at a 
low temperature this decomposition is very slight, but on 
heating the action is promoted. 
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Behavior on heating. — It may be dried at 100° without 
losing weight. 

Mereniio flulplilde. 

Is unalterable in the air when moist. 

Behavior with solvents. — It is insoluble in water. It 
is insoluble in boiling hydrochloric acid. In hot strong nitric 
acid it is only very slightly soluble ; in the dilute acid it is in- 
soluble. It dissolves readily in nitrohydrochloric acid. Boil- 
ing potash does not dissolve it. It dissolves in sulphide of 
potassium, but not readily except free alkali is present. Sul- 
phide of ammonium, cyanide of potassium, and sulphite of sodium 
do not dissolve it. 

Behavior on heating. — It is unaltered at 100®. 

Biunath. 

Ozid0 of Blsmntli. 

When prepared by ignition, it does not affect litmus. 

Behavior with solvents. — It is insoluble in water. It dis- 
solves readily in those acids which form soluble salts with it. 

Behavior on heating. — At intense redness it fuses without 
alteration of weight. By ignition with charcoal or in carbonic 
oxide it is reduced to metal. It is also reduced to metal by 
fusion with cyanide of potassium. Ignition with chloride of 
ammonium gives metallic bismuth, the reduction being attended 
with deflagration. 

Cmonate of BUmnth. Bl^Oj . CO^. 

Upon adding excess of carbonate of ammonium to nitrate 
of bismuth and heating, the bismuth is completely precipitated 
in the above form. Carbonate of potassium also completely 
precipitates bismuth, but the precipitate contains traces of 
alkali, which it is very difiicult to wash out. Carbonate of 
sodium also precipitates bismuth, but less completely than the 
other alkaline carbonates. 

Behavior with solvents. — It is insoluble in water. It dis- 
solves readily in hydrochloric and nitric acids. 

Behavior on heating. — On ignition it is converted into the 
oxide. 
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■olplilde of aiMimtli« 

Is unalterable in the air. 

Behaviob with solvents. — It is insoluble in water. It dis- 
solves in moderately strong nitric acid, especially on warmings 
sulphur separating. It is insoluble in dilute acids, alkalies, 
alkaline sulphides, sulphite of sodium, and cyanide of potassium. 

Behavior on heating. — ^Dried at 100^ it oxidizes and in- 
creases slightly in weight ; on protracted drying this increase 
may be considerable. Fused with cyanide of potassium it is 
completely reduced. Reduction does take place by heating in 
hydrogen, but it is a work of considerable time. 

Ctanmiate of Binnutli. Bifi^ . 2Cr03. 

Behaviob with solvents. — It is insoluble in water, even in 
presence of free chromic add. It is soluble in hydrochloric and 
nitric acids. 

Behavior on heating. — It may be dried at 100°— 112° with- 
out decomposing. 

Osyohlorlde of Blunatli. BiOCl. 

It cannot be weighed after drying at 100°, since washing 
slightly alters its composition^ and if precipitated in the pre- 
sence of sulphuric, phosphoric acids, &;c., it is liable to contain 
small quantities of these acids. 

Copper. 
BKotal« 

Exposure to dry air, or to moist air free from carbonic acid, 
leaves the fused metal unaltered ; but in moist air impregnated 
with carbonic acid it becomes gradually tarnished. Precipitated 
finely-divided copper, in contact with water and air, oxidizes 
far more quickly, especially on heating. 

Behavior with solvents. — Hydrochloric acid, if air is ex- 
cluded, fails to dissolve it, even on boiling ; with free access of 
air, the metal dissolves slowly. It dissolves readily in nitric 
(uAd, It is insoluble in ammonia if air is excluded ; with free 
access of air it dissolves slowly. It dissolves in chloride of 
copper and hydrochloric acid, producing cuprous chloride. It 
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dissolves in ferric chloride and hydrochloric acid^ producing 
ferrous chloride. 

Behavior on heating. — ^When ignited in the air, a layer of 
black oxide forms on its surface. It fuses only at a white heat. 

Oxide of Copper. 

If a strong solution of copper is mixed with strong potash^ 
the supernatant fluid is blue^ owing to minutely divided hy- 
drate of copper suspended in it. From a fluid of this descrip- 
tion^ protracted boiling fails to precipitate all the copper ; after 
dilution^ however, this is readily attained. The black oxide 
(3CuO.Hj,0) precipitated from hot dilute solutions with 
potash, retains a portion of the precipitant with considerable 
tenacity; it may be completely freed from this by washing 
with boiling water. If a solution contains non- volatile organic 
bodies, excess of alkali fails to precipitate all the copper, even 
on boiling. It does not affect litmus. In contact with the 
air, it absorbs water ; after strong ignition it absorbs water less 
readily. 

Behavior with solvents. — It is nearly insoluble in water. 
It dissolves readily in hydrochloric and nitric acids ; less readily 
in ammonia. 

Behavior on heating. — It remains unaltered upon strong 
ignition, provided reducing gases be excluded. If exposed to 
a heat near the fusing point of metallic copper, it fuses, yields 
oxygen, and becomes converted into CugOg. It is very readily 
reduced by ignition with charcoal, or with reducing gases; 
heated in the air the reduced metal reoxidizes. Ignited with 
sulphur in hydrogen, towards the end strongly, it passes into 
cuprous sulphide. 

Sulpliide of Copper. 

When exposed to the air in a moist state, it turns greenish, 
and reddens litmus, sulphate of copper being formed. 

Behavior with solvents. — It is insoluble in water. Hydro- 
chloric acid dissolves it with diflSculty. Sulphuretted hydrogen 
precipitates copper entirely from solutions containing a very 
large amount of hydrochloric acid ; only when we dissolve a 
copper salt directly in hydrochloric acid of I'l s.g. does any 
copper remain unprecipitated. It dissolves readily in boiling 
nitric add, sulphur separating. It does not dissolve in potash 
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or sulphide of potassium, particularly if these solutions be 
boiling. It dissolves perceptibly in sulphide of ammonium, and 
readily in cyanide of potassium. 

Behavior on heating. — Upon intense ignition in hydrogen, 
it is converted into cuprous sulphide. 

Caproas Oxide. 

Precipitated from an alkaline solution containing tartaric 
acid it retains a portion of the alkali with considerable tena- 
city. When left in the fluid from which it has been precipi- 
tated it oxidizes and redissolves. 

Behavior with solvents. — When treated with dilute 
sulphuric acid, it gives sulphate of copper and metal. 

Behavior on heating. — On ignition with nitric acid it is 
converted into oxide of copper. 

Cnproiu Snlplilde. 

When precipitated by hyposulphite of sodium it can be 
washed without alteration. 

Behavior on ignition. — It may be ignited without decom- 
posing^ if air is excluded. 

Chiproiifl Snlpbooyaiilde. 

Is formed when sulphocyanide of potassium is added to a 
copper solution^ mixed with sulphurous or hypophosphorous acid. 

Behavior with solvents. — It is insoluble in water, and in 
dilute hydrochloric and sulphuric acids. When heated with 
hydrochloric acid and chlorate of potassium^ or with sulphuric 
and nitric acids^ it is dissolved. Potash separates hydrated 
cuprous oxide, with formation of alkaline sulphocyanide. 

Behavior on heating. — Dried at 115° it retains 1 to 3 
per cent, of water, which is driven off only by heating to in- 
cipient decomposition. When ignited with sulphur in hydrogen 
it gives cuprous sulphide. 

Cadmifun. 
Oxide of Cadmlmn. 

Does not alter litmus. 

Behavior with solvents. — It is insoluble in water; but 
dissolves readily in acids. 
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Behayior on heating. — A white heat fafls to fase^ yolati- 
li2e, or decompose it. Ignition with charcoal^ or in hydrogen, 
carbonic oxide^ or carburetted hydrogen, reduces it readily, 
metallic cadmium escaping in vapor. 

Biilpliiae of Cadmlmn. 

May be washed with water without decomposing. 

Behavior with solvents. — It is insoluble in water and 
dilute acids. It dissolves readily in strong hydrochloric acid, 
evolving sulphuretted hydrogen. It dissolves in moderately 
strong nitric acid, sulphur separating. It is insoluble in 
alkalies, alkaline stdphides, sulphite of sodium, and cyamde of 
potassium. 

Behavior on heating. — It may be dried at 100® or 105° 
without decomposing. On gentle ignition in hydrogen, it 
volatilizes appreciably, partly unchanged, partly as metallic 
vapor. 

Carbonate of Cadmiimi. 

Loses its water completely upon desiccation. 

Behavior with solvents. — It is insoluble in water and the 
fia^ed alkaline carbonates, and very sparingly soluble in carbo- 
nate of ammonium. 

Behavior on heating. — Ignition converts it into the oxide. 

Tin. 
Stamilc Ozlde. 

Does not alter litmus. 

Behavior with solvents. — Metastannic acid (obtained by 
the action of nitric acid upon metallic tin, or by evaporating a 
tin solution with excess of nitric acid), is insoluble in water, 
nitric and sulphuric acids, and dissolves but sparingly in 
hydrochloric acid. Stannic hydrate (obtained by precipitating 
stannic chloride with an alkali, with sulphate of sodium, or 
with nitrate of ammonium), dissolves readily in hydrochloric 
acid. Stannic oxide is insoluble in water and acids. 

Behavior on heating. — Both hydrates upon intense igni- 
tion are converted into stannic oxide. Mere heating to 
redness is not suflScient to expel all water. Ignited with 
excess of chloride of ammonium, it volatilizes completely as 
btannic chloride. Fused with cyanide of potassium, all the tin 
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is obtained iu globules^ which maj be washed by using alcohol 
and decanting rapidly. 

Mj&nLttd Stamiowi Bnlplilde« 

Behavior with solvents. — It is insoluble in water and 
dibäe acids. It dissolves readily in hot strong hydrochloric 
acid. Ammonia fails to dissolve it. It dissolves pretty readily 
(as bisulphide) in yellow sulphide of ammonium, and yellow 
sulphide of potassium. 

Behavior on heating. — Heated with exclusion of air, it 
loses its water, and is converted into anhydrous stannous sul- 
phide. When heated gently for some time, with free access 
of air, it is converted into stannic oxide, sulphurous acid 
escaping. 

Mjärteö, Staimlo Snlplilde* 

Behavior with solvents. — It is insoluble in water. It 
dissolves readily in hot strong hydrochloric acid. It dissolves 
readily in potash and alkaline sulphides. It is insoluble in 
bisulphite of potassium, and dissolves with difficulty in ammonia. 

Behavior on heating. — ^When heated with exclusion of air, 
it loses its water, and, at the same time, according to the 
degree of heat applied, one-half, or a whole atom of sulphur, 
becoming either Sn^Sg or SnS. When heated very slowly, 
with free access of air, it is converted into stannic oxide, sul- 
phurous acid escaping. 

Antimony» 
Antimonioiu Snlpliide. 

Is formed when a solution of antimonious chloride, mixed 
with tartaric acid, is precipitated with sulphuretted hydrogen. 
This precipitate when first thrown down is liable to contain a 
little basic chloride, but on saturating with the gas and gently 
warming, pure antimonious sulphide is obtained. K long ex- 
posed to the air, in presence of water, it slowly takes up oxygen. 

Behavior with solvents. — It is insoluble in water and 
dilute acids. It dissolves in strong hydrochloric add, evolving 
sulphuretted hydrogen. On treatment with fuming nitric add 
violent oxidation sets in. We obtain first antimonic oxide and 
ptdverulent sulphur ; on evaporating to dryness antimonic oxide 
and sulphuric acid; and lastly on igniting binoxide of antimony. 
It dissolves readily in potash, sulphide of ammonium, and suU 

D 2 
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phide of potassium, sparingly in ammonia, very slightly in car- 
bonate of ammonium, and not at all in bisulphite of potassium. 

Behavior on heating. — After drying in the desiccator^ it 
loses very little weight at 100° ; if kept longer at this latter 
temperature its weight remains constant ; but it still retains a 
little water, which does not perfectly escape at 190°. At 200° 
it becomes anhydrous, turning black and crystalline. Ignited 
gently in carbonic acid, the weight of the anhydrous sulphide 
remains constant ; at a very intense heat a small amount vola- 
tilizes. Ignited with 30 to 50 times its amount of mercuric 
oxide, it gives binoxide of antimony. Ignition in hydrogen re- 
duces it to metal. 

ABtlmoBlo Sulpliide. 

Behavior with solvents. — ^It is insoluble in water. It 
dissolves completely in ammonia, especially on warming; 
traces only dissolve in carbonate of ammonium. 

Behavior on heating. — On heating in carbonic acid 2 
atoms of sulphur escape, black crystalline antimonious sulphide 
remaining. Ignition in hydrogen reduces it to metal. 

BiBOzide of Anttmony. 

Reddens moist litmus. 

Behavior with solvents. — It is almost insoluble in water, 
and very diflBcultly soluble in hydrochloric acid. It is not 
altereNl by sulphide of ammonium. 

Behavior on heating. — It is infusible, and fixed, provided 
reducing gases be excluded. 

Arsenic. 
Arsenioiia Sulplilde« 

Behavior with solvents. — It is insoluble in water. When 
boiled with water or left in contact with that fluid for several 
days, it undergoes a very trifling decomposition : a trace of 
arsenious acid is dissolved, and a minute quantity of sulphu- 
retted hydrogen escapes. It is scarcely soluble in boiling 
strong hydrochloric acid. It dissolves readily in nitrohydro* 
chloric acid. Red fuming nitric acid converts it into arsenic 
and sulphuric acids. It dissolves readily in alkalies, alkaline 
sulphides and carbonates, and bisulphite of potassium. 

Behavior on heating. — It loses all its water at 100°^ with- 
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out decomposing. When exposed to a stronger heat it fuses^ 
and finally rises in vapor, without decomposing. 

Arsenate of Ammonlmn and Maffneelnm« 

2 MgNH^AsO^ . 12 H^O. 

Behavior with solvents. — It dissolves very sparingly in 
water J 1 part of the salt dried at 100°, requiring 2656, 1 part 
of the anhydrous salt 2788 parts of water at 15°. In ammonia 
water it is still more sparingly soluble, I part of the salt dried 
at 100° requiring 15038, 1 part of the anhydrous salt 15786 
parts of a mixture of 1 part of ammonia ('96 s.g.), and 3 
parts of water, at 15°. In water containing chloride of am- 
moniwny it is much more readily soluble, 1 part of the anhy- 
drous salt requiring 886 parts of chloride of ammonium solu- 
tion, containing 1 part of salt in 7 parts of water. Ammonia 
diminishes the solubility in chloride of ammonium : 1 part of 
anhydrous salt requiring 3014 parts of a mixture of 60 parts 
water, 10 ammonia solution ('96 s.g.), and 1 chloride of 
anmionium. 

Behavior on heating. — At 100° it loses 11 atoms of water; 
becoming 2 MgNH^AsO^ . H^O. Upon ignition it loses water 
and ammonia, and changes to Mg^As^O^. But the new body 
loses weight the more it is ignited. 

Arseno-molybdate of Ammoninnu 

K a fluid containing arsenic acid is mixed with a large pro- 
portion of molybdate of ammonium and nitric acid, and heated 
to boiling, the above precipitate separates — provided excess of 
molybdic acid is present. It is composed of 87*666 per cent, 
of molybdic acid, 6*308 arsenic acid, 4*258 ammonia, and 
1-768 water. 

Behavior with solvents. — In this respect it is like the 
analogous phosphoric acid compound ; like the latter it is in- 
soluble in watery acids, particularly nitric acid, and salts, pro- 
vided excess of molybdate of ammonium, mixed with a mode- 
rate excess of acid, is present. 

Arsenate of X«ad. 

When pure, is a white powder: in analysis we obtain it 
mixed with oxide of lead. 
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Behavior on heating. — The pure body agglutinates when 
heated to gentle redness. When exposed to a higher degree 
of heat it fuses. When strongly ignited^ it slightly loses 
weight by giving off arsenic acid which escapes as arsenious 
acid and oxygen. 

Nlokel. 
Hydrate of mekeL 

Is unalterable in the air. 

Behavior with solvents. — It is insoluble in water. It is 
soluble in ammonia and carbonate of ammonium ; from these 
solutions it is completely reprecipitated by heating with excess 
of potash. 

Behavior on heating. — On ignition it passes into the 
oxide. 

Oxide of ariekeL 

Does not alter litmus. 

Behavior with solvents. — It is insoluble in water, but 
dissolves readily in hydrochloric acid. 

Behavior on heating. — It does not alter in weight on 
ignition in the air. Ignited with chloride of ammonium, it is 
reduced to metal; it is also easily reduced by ignition in 
hydrogen or carbonic oxide. 

Bjdrated Snlplilde of Slckel. 

Behavior with solvents. — It is insoluble in water. It is 
very sparingly soluble in strong acetic add, and somewhat 
more soluble in hydrochloric acid. It is more readily soluble 
still in nitric acid : but its best solvent is nitrohydrochloric 
acid. 

Behavior on heating. — It loses its water at a red heat. 
When ignited in the air, it is transformed into a basic com- 
pound of sesquioxide of nickel and sulphuric acid. Ignited 
with sulphur in hydrogen, a fused pale yellow mass remains, 
which consists of NigS, but its composition is not perfectly 
constant. 

Cobalt. 



Is liable to bum in the air unless it has been strongly 
heated. 
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Behavior with solvents. — Heated with strong sulphuric 
acid it gives sulphate of cobalt^ evolving sulphurous acid. In 
nitric acid it dissolves readily to nitrate. 

Proto«e»qiilozlde of Co1»alt. COgO^. 

Behavior with solvents. — It is insoluble in water. It 
dissolves in warm hydrochloric acid, evolving chlorine. 

BsdAvioR on heating. — ^When heated to redness with 
chloride of ammonium, it is reduced to metallic cobalt. If the 
ignition is effected with free access of air, or in oxygen, the 
chloride which forms at first, is reconverted partly into amor- 
phous, partly into crystalline protosesquioxide, which is in- 
soluble in hydrochloric acid, but dissolves in strong sulphuric 

acid. 

Svlpbide of Cobalt. 

Exposed to the air when moist, it oxidizes to sulphate. 

Behavior with solvents. — It is but sparingly soluble in 
acetic and dilute mineral acids. It dissolves more readily in 
strong mineral acids, and most readily in warm nitrohydro- 
chloric acid. It is insoluble in alkalies and alkaline sulphides. 

Behavior on heating. — Ignited with sulphur in hydrogen 
we obtain a product, varying according to the temperature 
employed. 

SiUpbate of Cobalts 

Is anhydrous, and does not lose acid at a gentle red heat. 

TeUow mtrite of Ck>balt and Potassiums 
CO3O3 . 3K3O . 5N3O3 . 2H2O. 

When dried at 100° it contains 17-35 per cent, of oxide of 
cobalt (CoO) or 13*64 per cent, of cobalt. 

Bkhavior with solvents. — It dissolves very perceptibly in 
water ; and slightly in boiling water to a red fluid. In water 
containing chloride cf sodium or of ammonium, it is more 
soluble than in water. In rather strong solutions of potas- 
sium salts (K3S0^KG1,KN03,KA), it is insoluble, even on 
boiling. The presence of a small proportion of acetic acid 
exercises no solvent action under these circumstances. It 
does not dissolve in alcohol of 80 per cent. It is decomposed 
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with difficulty by potash, but readily by soda, or by baryta 
water ; hydrated sesquioxide of cobalt separating. 

Behavior on heating. — It is decomposed on ignition^ 
giving protosesquioxide of cobalt and oxide of potassium. 

Zron. 
SPerrlo Byürate. 

If the precipitant alkali is not used in excess^ the pre- 
cipitate contains basic salt; if excess of alkali is used^ a 
portion of it is invariably carried down with the precipitate, 
on this account only ammonia can properly be used as a 
precipitant. 

Behavior with solvents. — It is insoluble in water, alkalies, 
and ammonium salts. It is readily soluble in acids. 

Behavior on heating. — Ignition converts it into ferric 
oxide. 

Venio Oxide. 

Does not alter moist litmus. 

Behavior with solvents. — It dissolves in strong hydro- 
chloric acid on gently heating for a long time. It may also 
be dissolved by heating with a mixture of 8 parts strong 
sulphuric acid and 3 parts water, and then adding water. 

Behavior on heating. — Its weight does not alter on igni- 
tion. When ignited with chloride of ammonium, ferric chloride 
escapes. Ignition with charcoal in a closed vessel, reduces it 
more or less. Strongly ignited with sulphur *in hydrogen, it 
gives ferrous sulphide. 

Ferroiis Sulplilde. 

Readily oxidizes in the air when moist« 

Behavior with solvents. — It dissolves readily in mineral 
acids, even if very dilute. 

Behavior on heating. — Strongly ignited ivith sulphur in 
hydrogen, it gives ferrous sulphide. 

Verrle Suoolnate. Fe^Oj . (C^H^Oj)^. 

Is produced when a neutral ferric solution is mixed with 
neutral solution of alkaline succinate. During the formation 
of the precipitate an atom of acid is set free (succinic acid 
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if excess of alkaline succinate is used). The free succinic 
acid has no perceptibly solvent action in cold and highly 
dilute solutions^ but it redissolves the precipitate in warm 
solutions. The precipitate must therefore be filtered cold. 

Behavior with solvents. — It is insoluble in cold, and but 
sparingly soluble in hot water. It dissolves readily in mineral 
acids, Ammonia, especially when warm, deprives it of the 
greater portion of its acid, leaving compounds which contain 
18 to 30 atoms of Fe^Oj to 1 atom of CJifl^, 

Xanflranese. 
Carbonate of Kaiiipanese. 

If the moist precipitate is exposed to the air, or washed with 
water containing air, especially if it is in contact with alkaline 
carbonate, it slowly assumes a dirty brownish-white color, part 
of it becoming converted into protosesquioxide. 

Behavior with solvents. — It is nearly insoluble in water, 
but somewhat more soluble in water containing carbonic acid. 
Fixed alkaline carbonates do not increase its solubility. When 
recently precipitated, it dissolves pretty readily in chloride of 
ammonium. 

Behavior on heating. — - If the precipitate is dried out 
of contact with the air, it forms a delicate white powder 
(2MnC0g . HgO) persistent in the air ; but when dried with free 
access of air, the powder is of a more or less dirty-white color. 
When strongly heated with access of air, it is finally converted 
into the protosesquioxide, but this change takes some time. 
Ignited with sulphur in hydrogen, sidphide of manganese is 
obtained. 

Sydrate of Mtaafaaese. 

Immediately absorbs oxygen from the air, and turns brown, 
protosesquioxide being formed. 

Behavior with solvents. — It is insoluble in water and 
alkalies. It is soluble in chloride of ammonium. 

Behavior on heating. — When strongly ignited with free 
access of air, it is converted into protosesquioxide. Ignition 
with sulphur in hydrogen, gives sulphide. 
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VratoffOflqvlozlde of Manganfwu. Mn^O^. 

All the other oxides are finally converted into it by ignition 
in the air. It does not alter litmus. 

Behavior with solvents. — It is insoluble in water. 
Heated with strong hydrochloric add, it dissolves to chloride, 
evolving chlorine. 

Behavior on heating. — ^Eaeh time it is heated it assumes 
a darker color^ but its weight remains unaltered. Heated to 
redness with chloride of ammonium, it is converted into 
chloride. On ignition with sulphur in hydrogen, it is converted 
into sulphide. 

Sulphide of Btaiivaaofle. 

If it is allowed to remain some time in the fluid, from 
which it was precipitated, it is sometimes converted into green 
anhydrous sulphide. Exposed to the air in a moist stat«, 
hydrated protosesquioxide is formed together with a little 
sulphate. 

Behavior with solvents. — It dissolves in acids (hydro- 
chloric, sulphuric, acetic, &c.), evolving sulphuretted hydit^n. 

Behavior on heating. — Ignition with sulphur in hydrogen 
gives anhydrous sulphide. If gently ignited in this process, 
the product is light green, if strongly, dark green or black. 
Neither the green nor the black sulphide attracts oxygen or 
water quickly from the air. 

Zlno. 
Basic Carbonate of SIno« 

When a neutral solution of zinc is precipitated with car- 
bonate of sodium, carbonic acid is disengaged, since the pre- 
cipitate is a basic salt. This carbonic acid, unless expelled 
by boiling, causes some of the zinc to remain in solution. 

Behavior with solvents. — It is nearly insoluble in water 
(1 part requires 44600 parts). It is readily soluble in adds, 
potash, ammonia, and carbonate of ammonium. The solutions 
in potash or soda, if strong, are not altered by boiling ; but if 
dilute, nearly all the zinc is thrown down as a white preci- 
pitate. From the solutions in ammonia and carbonate of 
ammonium, especially if dilute, zinc likewise separates on 
boiling. 
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Behavior on heating. — When heated to redness it is 

converted into oxide. 

Oxide of XlBo. 

Does not alter litmns. 

Behavior with solvents. — It is insoluble in water. It 
dissolves readily in acids. 

Behavior on heating. — Upon ignition with charcoal, car- 
bonic oxide and zinc fumes escape. Ignited with chloride of 
ammonium chloride of zinc is formed^ which readily volatilizes 
with free access of air, or with excess of chloride of ammonium. 
By igniting in a rapid current of hydrogen, metallic zinc is pro- 
duced ; whilst by igniting in a feeble current, crystallized oxide 
is obtained. In this case a portion of the zinc is reduced 
and volatilized. Ignited with sulphur in hydrogen, it is con- 
verted into sulphide. 

Sulpblde of Zlno« 

The recently precipitated hydrated sulphide is of a slimy 
nature, and cannot readily be washed on a filter. 

Behavior with solvents. — It is insoluble in water. It 
dissolves readily and completely in hydrochloric and nitric acids, 
but only very sparingly in acetic acid. It is insoluble in 
alkalies, alkaline sulphides, and carbonates. 

Behavior on heating. — ^At 100® it loses half, and at a red 
heat the whole of its water. During the latter process some 
sulphuretted hydrogen escapes, and the residue contains 
oxide. By roasting in the air, and intense ignition of the 
residue, small quantities may be converted into oxide. Ignited 
mth sulphur in hydrogen pure sulphide is obtained. 

Obromimn. 

Bydrate of Cbrofntnm. 

Behaviob with solvents. — It is insoluble in water. It dis- 
solves in adds to a dark green fluid. It dissolves readily in cold 
potash to a dark green fluid. It dissolves in cold ammonia, 
but rather sparingly, to a violet red fluid. Chloride of ammo- 
nium has no influence upon the solubility in ammonia. Boil- 
ing effects its complete separation from its solutions in potash 
or ammonia. 

BiPHAvioR ON HEATING. — It loscs its watcr at a gentle red 
heat. 
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Oxide of Chromtnm. 

Behavior with solvents. — It is diflBcultly soluble m hydro- 
chloric acid ; after being strongly ignited it is completely in- 
soluble. Heated to redness with chloride of ammonium, it 
remains unaltered. It does not alter on ignition in hydrogen. 

Alwmlntmn« 
Hydrate of Alnmlnlrnna 

Invariably retains a minute proportion of the acid with 
which it was previously combined, as well as the precipitant 
alkali ; it is freed with difficulty from these by repeated 
washing. 

Behavior with solvents. — It is insoluble in water. When 
recently precipitated, it dissolves readily in hydrochloric and 
nitric acids ; but after filtration, or standing in the fluid for 
some time, it does not dissolve in these acids without long 
digestion. It dissolves readily in potash or soda. It is 
sparingly soluble in ammonia, and insoluble in carbonate of 
ammonium ; ammonium salts greatly diminish its solubility in 
ammonia. 

Behavior on heating. — It loses its water at a red heat. 



Does not alter moist litmus. 

Behavior with solvents. — It is dissolved by dilute acids 
with very great difficulty. Strong hydrochloric acid dissolves 
it slowly but completely upon protracted digestion in a warm 
place. It dissolves tolerably easily by first heating with a 
mixture of 8 parts strong sulphuric acid and 3 water, and 
then adding water. 

Behavior on heating. — ^At the most intense whiteness it 
fuses to a colorless glass. Fused with 10 times its bulk of 
carbonate of sodium at a very strong heat, aluminate of 
sodium is formed, which is soluble in water. Fused with 
bisulphate of potassium it is rendered soluble, the residue dis- 
solving in water. Upon ignition with chloride of ammonium 
chloride of aluminium escapes ; but all the alumina cannot be 
volatilized in this way. Ignition in hydrogen leaves it 
unaltered. 
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Svlpliate of Barium. 

Has a great tendency, upon precipitation, to carry down 
other substances with it, more particularly nitrate and chloride 
of barium, and ferric oxide. Several salts interfere with its 
precipitation ; chloride of magnesium, nitrate of ammonium, 
and alkaline citrates possess this property in a high degree. 
In the last case the precipitate appears on adding hydrochloric 
acid. Ka fluid contains metaphosphoric acid, barium cannot 
be completely precipitated by sulphuric acid; the resulting 
precipitate, too, is not pure, but contains phosphoric acid. 

Behavior with solvents. — It is insoluble in water. Cold 
dilute acids dissolve traces j for instance, 1000 parts of nitric 
of 1*032 s. g. dissolve "062 part. Cold strong acids dissolve 
more ; thus 1000 parts of nitric of 1' 167 s.g. dissolve 2 parts. 
Boiling hydrochloric acid also dissolves traces ; thus, 230 c.c. 
of 1"02 s.g. were found, after 15 minutes boiling with '679 grm., 
to have dissolved *048 grm. of it. Acetic acid dissolves less 
than the other acids ; thus, 80 c. c. of 1*02 s.g. were found, 
after 15 minutes boiling with '4 grm., to have dissolved 
"002 grm. Free chlorine considerably increases its solubility. 
It is not aflfected, or only very slightly, by cold alkaline bicar» 
bonatesy ot carbonate of ammonium. Cold carbonates of potas- 
siwn and sodium have only a slight decomposing action upon 
it ; but upon protracted boiling with fresh quantities the sul- 
phate of barium is at last completely decomposed. 

Behavior on heating. — It remains unaltered at a red heat. 
Ignition with charcoal or reducing gases, converts it partially 
into sulphide. Ignition with chloride of ammonium partially 
decomposes it. By ftision with alkaline carbonates it is readily 
decomposed. 

Carbonate of Barium. 

Behavior with solvents. — It dissolves in 14137 parts of 
cold, and 15421 parts of boiling water; the solution has a 
very faint alkaline reaction. In water containing free carbonic 
acid it dissolves to acid carbonate. It is nearly insoluble in 
water containing ammonia and carbonate of ammonium, 1 part 
requiring about 141000 parts. It dissolves in chloride and 
nitrate of ammonium far more readily than in water ; it can 
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be reprecipitated^ thougb not completely, by ammonia. Alka" 
line citrates and metaphosphates impede the precipitation by 
carbonate of ammonium. 

Behaviob on heating. — It is unalterable at a red heat. At 
the strongest blast-furnace heat it slowly gives up all its car- 
bonic acid; this is promoted by the simultaneous action of 
aqueous vapour. Heated to redness with charcoal oxide of 
barium is formed, carbonic oxide escaping. 

•tllooftii«rlde of Bartom. 

It is almost insoluble in alcohol. It dissolves in 3800 parts 
of cold, and is a little more readily soluble in hot water. Free 
hydrochloric acid considerably increases its solubility. Chloride 
of ammonium acts in the same way (1 part dissolves in 428 
parts of saturated solution, and 589 parts of dilute solution of 
chloride of ammonium). 

Behavior on heating. — It is unalterable at 100^. On 
ignition, it is decomposed into fluoride of silicon, which escapes, 
and fluoride of barium, which remains. 

Stro&tliuii« 

Snlpliate of Stronttniii« 

Behavior with solvents. — It is nearly insoluble in dilute 
alcohol. It dissolves in 6895 parts of cold, and 9638 parts of 
boiling water» Of water containing sulphuric acid, it requires 
11000-12000 parts. Of cold hydrochloric acid of 85 per 
cent., it requires 474 parts. Of cold nitric acid of 4*8 per 
cent., 432 parts. Of cold acetic add of 15'6 per cent., 7843 
parts. It is completely decomposed by carbonates and acid 
carbonates of potassium, sodium, and ammonium, even when 
considerable quantities of alkaline sulphates are present ; 
boiling promotes the decomposition. It dissolves in chloride 
of sodium, but is reprecipitated by sulphuric acid. Metaphos- 
phoric acid and alkaline citrates impede the precipitation of 
strontium by sulphuric acid. Free citric acid does not inter- 
fere with the precipitation. 

Behavior on heating. — It remains unaltered at a red heat. 
At a most intense red heat, it fuses without decomposing. On 
ignition with charcoal, or with reducing gases, it is converted 
into sulphide. 
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Carbonate of Strontlimi« 

Its reaction is very feebly alkaline. 

Behavior with solvents. — ^It dissolves in 18045 parts of 
water. Water containing carbonic acid dissolves it to acid 
carbonate. Ammonia diminishes its solubility in water. It 
dissolves pretty readily in chloride and nitrate of ammonium, 
bnt is reprecipitated by ammonia and carbonate of ammonium, 
and more completely than the barium salt under similar con- 
ditions. Alkaline citrates and metaphosphates impede the pre- 
cipitation of strontium by alkaline carbonates. 

Behavior on heating. — Ignited in the air it is inAisible. 
At a most intense red heat^ it fiises^ and gradually loses its 
carbonic acid. On ignition with charcoal, carbonic oxide 
escapes^ leaving oxide of strontium. 

Caldam. 
Svlpliate of Oalirtwin. 

When exposed to the air it slowly absorbs water. 

Behavior with solvents. — It dissolves in 430 parts of cold, 
and in 460 parts of boiling water. It is insoluble in alcohol 
of 90 per cent. Hydrochloric and nitric acids, chloride of 
asmfmofiman, sulphate and chloride of sodium, increase its solu- 
bility in water. Carbonates and acid carbonates of alkali 
metals decompose it more readily than sulphate of strontium. 
It dissolves with comparative ease, especially on gently warm- 
ing, in hyposulphite of sodium. 

Behavior on heating. — It remains unaltered at a dull red 

heat. At most intense redness it fuses, without decomposing. 

At a white heat it loses sulphuric acid ; the residue is alkaline. 

Ignited with charcoal or reducing gases, it is converted into 

sulphide. 

Carbonate of Caldain. 

Behavior with solvents. — It dissolves in 10600 parts of 
cold and 8834 parts of boiling water. Water containing car- 
bonic acid dissolves it to acid carbonate. Neutral salts of 
potassium and sodium increase its solubility. In water con- 
taining ammonia and carbonate of ammonium, 1 part dissolves 
in 65000 parts ; this solution is not precipitated by oxalate of 
ammonium. Chloride and nitrate of ammonium increase its 



48 PROPERTIES OF BODIES. 

solubility ; but these solutions are reprecipitated by ammonia 
and carbonate of ammonium^ and more completely than car- 
bonate of barium under similar circumstances. The precipi- 
tation of calcium by alkaline carbonates is completely 
prevented or considerably interfered with by alkaline diratei 
or metapliosphates, 

Sehayior on heating. — It remains unaltered at 100°, and 
at a low red heat ; at a stronger heat, in an open platinum 
crucible, it gradually loses carbonic acid. Over a blowpipe 
'5 grm. is easily converted into oxide. This conversion is 
effected far more readily if the carbonate is previously mixed 
with charcoal. 

Oxalate of Calotmn. 

Is unalterable in the air. Dried at 100°, its composition is 
CaCjO^ . up. 

Behavior with solvents. — It is insoluble in water. Strong 
hydrochloric or nitric acid dissolves it readily ; it is reprecipi- 
tated unaltered by alkalies ; and also (provided the excess of 
acid be not too great), by excess of alkaline oxalates or 
acetates. Free oxalic and acetic acids slightly increase its 
solubility in water. It does not dissolve in hot strong solu- 
tions of chlorides (of barium, strontium, calcium, potassium, 
sodium, ammonium) ; but it dissolves readily and appreciably in 
hot solutions of magnesium salts : it is reprecipitated by excess 
of alkaline oxalate. Alkaline citrates and metaphosphaies im- 
pede the precipitation of calcium by alkaline oxalate. 

Behavior on heating. — It is unalterable at 100°. At 205° 
it loses its water without decomposing. At scarcely dull red- 
ness, it is decomposed into carbonic oxide and carbonate of 
calcium. On long ignition over the blowpipe it is completely 
converted into oxide. 

MatpiemifaLakm 



When exposed to the air, it slowly absorbs moisture and 
carbonic acid. 

Behavior with solvents. — It dissolves in 55368 parts of 
cold, and the same quantity of boiling water : this solution is 
very slightly alkaline. It dissolves in hydrochloric and other 
acids without evolving gas. It dissolves readily and in quan- 
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tity in neutral ammonium salts, and in the chlorides of potas- 
sium and sodium it is more soluble than in water. 

Behavior on heating. — It remains unaltered at a strong 
red heat^ and fuses superficially only at a very great heat. 

AMüiyäroiuM Bvlpliate of lEagmMilwin. 

When exposed to the air it absorbs water rapidly. 

Behavior on heating. — ^It remains unaltered at a moderate 
red heat. At an intense red heat it loses acid^ and is no 
longer completely soluble in water. Over a blowpipe, it is 
tolerably easy to expel all the acid from small quantities of it. 
It is not decomposed on ignition with chloride of ammonium. 

Vhoapliate of Mttfneolnm and Ammoiitiim. MgNH^PO^ . 6 H^O. 

Behavior with solvents. — It dissolves in 15293 parts of 
cold water. One part dissolves in about 45000 parts of water 
containing ammonia. It dissolves readily in acids, even in 
acetic. If ammonia is added to a solution of it in hydrochloric 
or nitric acid, it is completely reprecipitated. Chloride of 
ammonium increases its solubility in water and in ammonia. 
Alkaline phosphates exercise no solvent influence. 

Behavior on heating. — 5 atoms of water escape at 100°, 
the remainder together with the ammonia, at a Ted heat, 
leaving pyrophosphate of magnesium. 

Vyroplioopliate of Biairneoliiiii. Mg^^P^Oy. 

Does not alter litmus. It is unalterable in the air. 

Behavior with solvents. — It is barely soluble in water. 
It is readily soluble in hydrochloric or nitric acids. If to a 
solution of it in hydrochloric or nitric acid, we add water, boil 
for some time, and then add ammonia in excess, we obtain a 
precipitate, which, after ignition, gives less pyrophosphate than 
was originally dissolved ; this loss amounts to between 1*3 and 
2 '3 per cent. 

Behavior on heating. — It remains unaltered at a red heat. 
At a very intense heat it fuses unaltered. At a white heat in 
hydrogen Mg3(POj2 is formed, while PH^, P and P^Oj escape. 
By long continued Aision with carbonate of potassium and 
sodium, it is completely decomposed, the phosphoric acid being 
converted into the tribasic state. 

e 
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Fotasftluiii. 

Svlpluite of Wotmmk 

Is unalterable in the air. 

Behavior with solvents. — It dissolves with difiSculty in 
water (1 part requiring 10 parts at 12^). It is insoluble in 
pure alcohoL 

Behavior on heating. — It decrepitates when heated. 
When very strongly ignited for a long time the salt loses 
weight a little, even when reducing gases are excluded, — the 
residue has an alkaline reaction. Ignited several times with 
chloride of ammonium, it is converted into chloride of potassium. 

intrate of Potaooinm. 

Is unalterable in the air. 

Behavior with solvents. — ^It is readily soluble in waier^ 
and nearly insoluble in absolute alcohol. When evaporated 
with excess of hydrochloric add repeatedly (4 to 6 times), it is 
completely converted into chloride. 

Behavior on heating. — ^At a heat far below redness^ it 
fuses without loss of weight. At a stronger heat it changes 
to nitrite. At intense redness, it is converted into oxide of 
potassium, evolving oxygen and nitrogen. When ignited with 
chloride of ammonium, or in dry hydrochloric add, it is readily 
and completely converted into chloride. 

Olilorido of PofMlnmi 

Is unalterable in the air. 

Behavior with solvents. — It is readily soluble in water, 
and nearly insoluble in absolute alcohol. In dilute hydrochlo- 
ric add it is much less soluble than in water. When evapo- 
rated with nitric add in excess, it is converted readily and 
completely into the nitrate. 

Behavior on heating. — ^When heated it decrepitates. At 
a moderate red heat it fuses without loss of weight ; when ex- 
posed to a higher temperature it volatilizes in white fumes ; 
this volatilization proceeds the more slowly, the more effectually 
the air is excluded. 
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«nOoHde ttf Vlatliiiiiii and Potassium. 

Is unalterable in the air. When precipitated from a 
platinum solution by chloride of potaseium^ it carries down 
some of the latter salt with it^ which cannot be completely re- 
moved by washing with alcohol. 

Bbhayior with solvents. — It is diffictdtly soluble in cold, 
more readily in hot water. It is nearly insoluble in absolute 
alcohol. Hydrochloric add sensibly increases the solubility. 
It dissolves completely in potash to a yellow fluid. 

Behavior on heating. — It is unalterable at 100^. At an 
intense red heat, 4 atoms of chlorine escape ; but even after 
long-continued fusion, a little of the salt always resists decom- 
position. Complete decomposition is easily effected, by ignit- 
ing in hydrogen, or with oxalic acid. 

According to Andrews, even though dried at a temperature 
much above 100^, the salt still retains '55 per cent, of water. 

Sodium, 
•olyluite of Bodlnm. 

When the anhydrous salt is exposed to the air, it slowly 
absorbs water. 

Behavior with solvents. — It dissolves readily in water. It 
is sparingly soluble in absolute alcohol; sulphuric acid in- 
creases this solubility. 

Behavior on heating. — ^When fused it scarcely loses 
weight. At a white heat for a long time, it decidedly loses 
weight, even when reducing gases are excluded; the residue 
is slightly alkaline. TVhen ignited several times with chtoride 
of ammoniumj it is converted into chloride of sodium. 

Vltrato of Sodloni. 

Is unalterable in the air ; but in very moist air it absorbs 

water. 

Behavior with solvents. — It dissolves readily in water. It 
is almost insoluble in absolute alcohol. When evaporated once 
or twice with hydrochloric add it is converted into the chloride. 

Behavior on heating. — It fuses, far below red heat, with- 
out decomposing ; at a higher temperature it decomposes. 
When ignited with chloride of ammotdutn or in hydrocblorie 

E 2 
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acid gas^ it is readily and completely converted into tlie 
chloride. 

diloride of Bodlmn. 

When exposed to somewhat moist air^ it slowly absorbs 
water. 

Behavior with solvents. — It dissolves readily in water. 
It is nearly insoluble in absolute alcohol. It is much less 
soluble in hydrochloric add than in water. On evaporation 
with nitric add it is converted readily and completely into 
the nitrate. 

Behavior on heating. — It fuses^ at a red heat^ without de* 
composing. At a white heat, and in open vessels even at a 
bright red heat, it volatilizes in white fumes. 



Chloride of Ammonliuii. 

Is unalterable in the air. 

Behavior with solvents. — ^It dissolves readily in water. It 
is difficultly soluble in alcohol. When evaporated on a 
water bath it becomes slightly acid, through a trifling loss of 
ammonia. 

Behavior on heating. — It is unalterable at 100^. At a 
higher temperature, it volatilizes readily. 

CUoride of Vlatliiiiin and JlJiiiiioiitiiiii. 

Is unalterable in the air. When precipitated from a plati- 
num solution by chloride of ammonium, it carries down some 
of the latter salt with it, which cannot be removed by washing 
with alcohol. 

Behavior with solvents. — It is difficultly soluble in cold, 
but more readily in hot water. It is very sparingly soluble in 
absolute alcohol, but more readily in dilute alcohol — 1 part re- 
quires of absolute alcohol 26535 parts ; of 76 per cent, alcohol 
14f06 parts ; of 55 per cent, alcohol 665 parts. Acids sensibly 
increase its solubility. 

Behavior on heating. — It is unalterable at 100°. Upon 
ignition chlorine and chloride of ammonium escape, leaving 
spongy metallic platinum« 
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Behavior with solvents. — It dissolves with diflSculty in 
nUric acidy and in strong boiling sulphuric add; it is readily 
soluble in niirohydrochloric acid. 

Behavior on heating. — ^At a moderate red beat it tarnishes 
without alteration of weight ; it recovers its lustre at a higher 
temperature. It requires the very highest temperature for its 
fusion« 

Cliloilde of Palladtiim and Potasslmii« 

Contains 26-701 per cent, of palladium. It has a vermilion 
or brown color according to its state of division. It is very 
slightly soluble in cold water, and almost insoluble in alcohol. 

Ck>ld. 



Behavior with solvents. — It is not affected in the slightest 
degree by toaier or any simple acid. Niirohydrochloric acid 
dissolves it. . 

Behavior on heating. — ^It is unalterable at a red heat. It 
fuses only at a white heat. 

BiaplUae of Gold. AUjSg. 

Is a blackish-brown precipitate^ which if left in the fluid is 
gradually converted into metallic gold and sulphuric acid. On 
treating a warm solution of chloride of gold with sulphuretted 
hydrogen^ a subsulphide (Au^S) separates^ while sulphuric and 
hydrochloric acids are formed. 

4AuCl3H-3Hj,S+4HjjO=2Au2S + 12Ha+HjSO^. 

Behavior with solvents. — ^It is insoluble in water, and 
hydrochloric and nitric acids. It dissolves in nitrohydrochloric 
acid. Colorless sulphide of ammonium fails to dissolve it ; but 
it dissolves almost entirely in the yellow sulphide, and com- 
pletely on adding potash. It dissolves in potash, gold sepa- 
rating. Yellow sulphide of potassium dissolves it completely. 

Behavior on heating. — At a moderate red heat it is re- 
duced to metal. 
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Behavior with solvents. — It is not attacked by water, or 
simple acids. Nitrohydrochhric acid dissolves it. It is scarcely 
attacked by solutions of the alkalies. 

Behavior on heating. — ^The most intense furnace-heat 
does not affect it. 

muMphMOio of Flattnmn. "PiS^ 

When exposed to the air in the moist state^ it is gradually 
converted into metal and sulphuric acid. 

Behavior with solvents. — It ii insoluble in water and 
simple acids. It dissolves in fdtrohfdrocUoric acid. It dia* 
solves partly in alkaUes, platinum separating^ and completely 
in alkaline sulphides. 

Behavior on heating. — ^Ignition in the air reduces it to 
metal. 

cauoride of Vlatlnuii aad 



Bee p. 51. 

Ctalorido of Vlattniiiii and ammonji 

See p. 52. 

ntaniimi. 

Titanle Aeld. 

Ignited titanic acid does not dissolve in strong hydrochloric 
add. The easiest way of effecting its solution is to fuse it for 
some time with acid sulphate of potassium, and to treat the 
mass with a large quantity of cold water. Upon fusing with 
carbonate of sodium, titanate of sodium is formed^ which on 
treatment with water leaves acid titanate of sodium^ which is 
soluble in hydrochloric acid. 

»ilthtniü, 

VHoqpliate of Utbinm. 2 LigPOg . H^O. 

Dissolves in 2539 parts of water, and 8920 parts of ammo^ 
nia-water. At 100^ it becomes anhydrous. If pure it does 
not cake at a moderate red heat. It may be ignited without 
decomposing. 
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COMPOUNDS. 



Bydrosnlphiirlo Aoid. 
Svlplilde of AnMBlo. 

See p. 86. 

SiUpliate «f Barium. 

See p. 45. 

Bydroohlorio Aold. 
CUoHde of Stiver« 

See p. 25. 

Bydrobromlo Acid« 
BromlAo of Sllvor. 

Exposed to lights it gradually turns grey, and finally 
black. 

Behavior with solvents. — It is insoluble in water and 
nitric acid. It is tolerably soluble in ammonia, and readily so 
in hyposulphite of sodium and cyanide of potassium. It is per- 
ceptibly soluble in strong solutions of chlorides and bromides 
of potassium, sodium, and ammonium ; in very dilute solutions 
of these salts it is entirely insoluble. Nitrates of alkali metals 
dissolve traces. Digested with excess of iodide of potassium, 
it is completely converted into iodide of silver. In contact 
with xinc and water, spongy metallic silver forms, and the 
solution contains bromide of zinc. 

Behavior on heatino. — When heated, it fuses to a reddish 
fluid, which cools to a yellowish homy mass. When ignited 
in chlorine, it is converted into chloride. Ignition in hydrogen 
gives metallic silver. 
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Bjdrlodio Aoid. 
Zodide of SUTer. 

Turns black when exposed to light. 

Behavior with solvents. — It is insoluble in water and 
dilute nitric acid. Hot strong nitric and sulphuric acids con- 
vert it with difficulty into nitrate and sulphate respectively. It 
is very slightly soluble in ammonia — 1 part dissolves in 2493 
parts of "89 s.g., and in 2510 parts of '96 s.g. It is copiously 
dissolved by strong solution of iodide of potassium, but is in- 
soluble in very dilute. It dissolves readily in hyposulphUe of 
sodium and cyanide of potassium. Traces only are dissolved 
by alkaline nitrates. In contact with zinc and water, metallic 
silver separates and iodide of zinc is formed. 

Behavior on heating. — It fuses, without decomposing, to 
a yellow fluid, which cools to a yellow horny mass. Heated 
with chlorine, it is completely converted into chloride. Igni- 
tion in hydrogen reduces it to metal. 

Zodlde of Panadlvm. Pdlg. 

Is unalterable in the air. It may be washed with hot 
water without loss of iodine. Dried by exposure to the air, 
it retains 1 atom or 5*05 per cent, of water. 

Behavior with solvents. — It is insoluble in water and 
dilute hydrochloric acid. It is slightly soluble in saline solu- 
tions (chlorides of sodium, magnesium, calcium, &c.). 

Behavior on heating. — Dried at 70^-80°, it gives up all 
its water, without the least loss of iodine. Dried at 100°, it 
loses a trace of iodine ; at from 300° to 400°, the whole of the 
iodine is expelled. 

Boraoio Acid. 
BorollQoride of Potassium. KBF^. 

Is a gelatinous precipitate, which dissolves when the fluid 
containing it is heated^ and subsequently separates when the 
fluid is evaporated. 

Behavior with solvents. — It is soluble in water and dilute 
alcohol. Strong alcohol fails to dissolve it. It is insoluble 
in strong acetate of potassium. 
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Behavior on heating. — ^It may be dried at 100° without 
decomposicg. 

Gbromlo Aold. 

Oxide of Cliroiiiliini« 

See p. 44. 

COiromate of &ead« 

See p. 28. 

Bydrofluorlo Aoid. 
Fluorid« of Caleimn. 

Is unalterable in the air. It is difficult to wash. Digested 
with ammonia^ previous to filtration^ it is rendered denser and 
leas gelatinous. 

Behavior with solvents. — It is not altogether insoluble in 
water. It is very slightly soluble in dilute^ and more readily 
so in strong hydrochloric add. It is decomposed by sulphuric 
acid. It is not decomposed by alkalies. 

Behavior on heating. — ^It is unalterable at a red heat. At 
a very intense heat it fuses. Upon intense ignition in moist 
air^ it is slowly and partially decomposed^ yielding lime and 
hydrofluoric acid. With chloride of ammonium at a red heat^ 
it suffers a continual loss of weight ; the decomposition is in- 
complete. 

Fhosphoiio JLold. 

Plioftplio-molybdate of Anunonliim. 

Dried at 100^^ it has the following (average) composition 
(Seliosohn) : — 

M0O3 90-744 

PgOj 3142 

(NHJ3O 3-570 

H3O 2-544 

100-000* 



* Sonnenschein foTind in the precipitate dried at 120°, 2*93 — 3*12^ PjO, ; 
LiPOWiTZ in the precipitate dried at 20°— 30°, 36078 PjOj; Eggeetz 
3-7— 3-88 P,0,. 
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Behavior with solvents. — When pore^ it is sparingly 
soluble in cold (1 in 10000)^ but it is soluble in hot water. 
Water containing 1 per cent, of strong nitric acid dissolves 
^'^■jT^» It is soluble in sulphuric, hydrochloric, and niiric acida 
(both strong and dilute). With excess of molybdate of amnui- 
nium it is almost insoluble in acids^ even on boiling. It is 
soluble in alkalies j alkaline carbonates and phosphates, chlorides 
of sodium, ammonium, and magnesium, sulphates of potassium, 
and sodium, and oxalate of ammonium. It is but sparingly 
soluble in nitrate, and chloride of potassium, and sulphate of 
ammonium ; and is very sparingly soluble in nitrate of ammo^ 
nium. In presence of hydriodic add, instead of a yellow pre- 
cipitate^ a green precipitate or a green fluid is formed^ owing 
to the reduction of the molybdic acid. Other substances wliich 
reduce molybdic acid have, of course, a similar action. 7br- 
taric add and similar organic bodies entirely prevent its pre- 
cipitation. 

Vhospbttto of Marnesliiiii and Ammonlmii. 

See p. 49. 

VTVopliospliate of IflaffBeiiiiiii. 

See p. 49. 

Snlphnrlo Aoid. 
Bnlpliate of Barlimi. 

See p. 45. 

SUioio Aoid. 
Kydrated BlUelo Aetd. 

It contains a variable amount of water. . It does not alter 
litmus. 

Behavior with solvents after drying at 100°. — ^It is in- 
soluble in water and adds (except hydrofluoric). It dissolves 
in the fixed alkalies and their carbonates, especially on heating. 

Behavior on heating. — Ignition renders it anhydrous. 

Irnlted Billelo Aoid. 

Exposed to the air, it eagerly absorbs water, which it will 
not give up at 100^-150°. 
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Behavior with solvents. — It is insoluble in water and 
acids (except hydrofluoric). It dissolves readily in hydrofiuoric 
acid; this solution leaves no residue on evaporation in plati- 
num. It is soluble in the fixed alkalies and their carbonates, 
especially on heating. 

Sehavior on heating. — When heated with fluoride of am- 
monium in platinum^ it readily volatilizes. . Ignited with chlo- 
ride of ammomum, it at first loses weighty and then becoming 
denser^ it remains constant. 
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ESTIMATION OF WATER. 

1. Indi&ectlt. 

The subfitance is heated at a given temperature^ or ignited 
in a cmcible till it ceases to lose weighty and the amount of 
water is inferred from the loss. Silicates often retain water 
so obstinately that they require the blowpipe. 

When a substance loses other matter besides water on being 
heated^ the process requires modification. Thus^ some sub- 
stances are mixed with six times their weight of pure recently- 
ignited oxide of lead^ and then ignited. Thus again^ the water 
may be estimated in iodine by triturating with eight times its 
weight of mercury, and drying at 100°. 

2. DiBBCTLY. 

The substance is heated in a current of dry air, and the 
water is collected in a tube filled with chloride of calcium, or 
with pieces of pumice saturated with strong sulphuric acid. 

When a substance loses other matters besides water on 
being heated, the process requires modification. Thus, some 
substances are mixed with recently-heated carbonate of lead 
and ignited in a combustion-tube sealed at one end. In the 
latter case, the carbonic acid expelled from the carbonate of 
lead acts like the current of air in the previous case, and 
carries with it the last traces of aqueous vapor. Thus again, 
the water in boracic acid may be estimated by igniting with 
carbonate of sodium in a combustion-tube drawn out and 
sealed behind, and finaDy breaking the sealed point and draw- 
ing air through the apparatus to catch the last traces of 
moisture. 
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SllTer. 

1, Ab Mbtal. (For oxide^ salts with readily volatile acids^ 

organic salts^ and chloride^ bromide^ iodide^ and sul- 
phide.) 

2. As Chloride. 

In the wet way. 

Gravimetrically. 

Volumetrieally. (For alloys.) 
In the dry way. (For bromide and iodide.) 

8. As Sulphide. 

4. With Iodide of Starch. Volumetrically. (For yery 
small quantities.) 

&. Am Xetal. 

Ojnde and salts with readily volatile acids. — Ignite in a porce- 
lain crucible. 

Organic salts. — ^Ignite in a porcelain crucible, keeping the 
lid on at first, and applying a moderate heat ; then remove the 
lid, increase the heat, and continue the ignition till the carbon 
is consumed. It often happens that a minute quantity of 
carbon remains behind, vitiating the result to a trifling extent. 

Chloride, bromide, iodide, and sulphide. — Ignite in a porce- 
lain crucible in a current of hydrogen. 



Cbloride« 
IN THE WET WAY. GRAVIMETRICALLY. 

Mix the solution with a little nitric acid, and warm gently ; 
then add hydrochloric acid carefully till the silver is nearly 
but not quite precipitated. Stir well, and add a few more 
drops of hydrochloric acid to complete the precipitation. 
Allow to settle, decant the clear fluid through a filter, transfer 
the precipitate to the latter, and wash till the washings are 
no longer rendered turbid by a drop of nitrate of silver. 



ESTIMATION OP METALS. 65 

Dry the filter, remove the precipitate as completely as pos- 
sible to a porcelain crucible, burn the filter, and receive the ash 
on the lid of the crucible. Treat the ash, which probably 
contains reduced silver, with a drop of nitric acid, warm, add 
a drop of hydrochloric acid and dry gently. Finally ignite 
the crucible and lid till the salt in the crucible just begins to 
fuse. 

It is advisable to test the clear filtrate with sulphuretted 
hydrogen before throwing it away. 

To remove the mass of chloride from the crucible, after the 
weighing, add a scrap of Ssinc and a little very dilute sul- 
phuric acid. The chloride wiU be reduced to metal, and 
will lose its hold on the vessel. 

IN THE WET WAT. VOLÜMETRICALLY. 

This method has been specially studied by O. J. Mulder^ 
to whose exhaustive monograph^ the student may be referred. 
It depends on the precipitation of the silver by a standard 
solution of chloride of sodium. 

The alloy is usually dissolved in nitric acid. With alloys 
containing sulphur, and with such as consist of gold and 
silver, and contain a little tin, Levol employs strong sul- 
phuric acid (about 25 grm. to 1 grm. of the alloy). In the 
presence of much copper, strong sulphuric acid alone would 
not dissolve all the silver; Mascazzini, therefore, first digests 
with the least possible amount of nitric acid as long as red 
vapors are formed, he then adds strong sulphuric acid, and 
boils till the gold has settled well together. 

In ordinary cases proceed as follows. Dissolve about 5*5 
grm. chloride of sodium to 1 litre. To titrate this solution, 
weigh out about '8 grm. pure silver, dissolve it in 2 c.c. of a 
mixture of equal parts of strong nitric acid and water, in a 
stoppered bottle holding about 100 c.c. placed in a water 
bath, allow to cool, then run in the chloride of sodium solu- 
tion from a burette, and shake violently till the supernatant 
fluid is clear, add more chloride of sodium, shake again, and 
BO on till the last drops produce no further turbidity ; these 

* " Die Sflberprobirmethode," translated into German by Che. Qbdoc. 
Leipzig : J. J. W E^SEE. 1859. 
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last drops are not reckoned with the rest. Estimate the silver 
in the alloy in the same manner. 

In cases where extreme accurticy is required, the process be- 
comes much more complicated. 

If we examine whether 1 atom of chloride of sodium dis- 
solved in water actually precipitates 1 atom of silver dissoWed 
in nitric acid with exactness^ we find that this is not the case. 
On the contrary^ the clear supernatant fluid gives a small pre- 
cipitate both on the addition of a little chloride of sodium^ 
and on the addition of a little nitrate of silver. 

If to a silver solution we add at first the strong chloride 
of sodium solution (see below)^ and then the decimal solution^ 
drop by drop^ tUl a precipitate just ceases to appear^ now on 
addition of the decimal silver solution a small precipitate will 
be produced ; and if we add the latter drop by drop^ till the 
last drop occasions no turbidity^ then again decimal chloride of 
sodium wiU give a small precipitate. On noticing the number 
of drops of both decimal solutions which are required to pass 
from one limit to the other^ we find that the same number of 
each are used. Supposing that having added chloride of 
sodium to a silver solution till it just ceases to react, 20 drops* 
of decimal silver solution have to be added before the silver 
ceases to precipitate, it will now require 20 drops of decimal 
chloride of sodium before chloride of sodium will cease to 
react. By adding only 10 drops instead of 20, we hit the 
neutral point, as Muldeb calls it, i.e., the point at which sfl-^er 
and chloride of sodium produce equal precipitates. 

We have, therefore, three diflerent points to choose fiK>iii 
for our final reaction : a, the point at which chloride of sodium 
just ceases to precipitate the silver ; Ä, the neutral point ; c, 
the point at which silver solution just ceases to precipitate 
chloride of sodium. "Whichever we choose, we must keep to ; 
using the same point in standardizing the chloride of sodium 
solution, and in every assay. The diflFerence obtained by using 
first a and then b is, according to Mulder, for 1 grm. silver 
at 16°, about '5 mgrm. silver ; by employing first a and then 
c, as was permitted in the original process of Gay-Lussac, the 
difference is increased to 1 mgrm. 

* Twenty drops from Muideb's dropping apparatus are equal to 1 ex. 
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For our purposes it appears most convenient to consider 
the point a as the end^ and never to finish with the silver 
solution. If the point is overstepped by the addition of too 
much of the decimal chloride of sodium^ 2 or 3 c.c. of 
decimal silver solution must be added all at once. The end 
point is then found by carefully adding decimal chloride of 
sodium again. 

Solutions : 

Solution of chloride of sodium. Take pure chloride of 
sodium^ powder it roughly and ignite moderately.* Now 
dissolve 5'4145 grm. to 1 litre measured at 16°. 100 c.c. 
contains a quantity of chloride of sodium equivalent to 1 grm. 
of silver. 

Decimal solution of chloride of sodium. Dilute 50 c.c. 
of the above solution to 500 c.c. with water at 16°. 1 c.c. 
corresponds to '001 grm. silver. 

Decimal silver solution. Dissolve '5 grm. pure silver in 2 
or 3 c.c. of a mixture of equal parts of strong nitric acid 
and water dilute to 500 c.c. at 16°. 1 c.c. contains '001 
grm. silver. This solution should be kept protected from the 
light. 

Test-bottles : 

These should be of white glass^ holding 200 c.c. easily^ 
closed with well-ground glass stoppers^ running to a point 
below. The bottles fit into cases blackened on the inside^ 
and reaching up to their necks. In order to protect the 
necks also from the action of lights a black cloth cover is 
employed. 

Titration of the chloride of sodium solution : 

Weigh off exactly from 1*001 to 1*003 grm. pure silver, 
put it into a test-bottle, add 5 c.c. pure nitric acid of 
1*2 s.g. (strong nitric acid diluted with an equal bulk of 
water), and heat the bottle in an inclined position in a 
■water-bath till complete solution is effected. Blow out the 
nitrous fiimes from the upper part of the bottle, and after 
it has cooled a little, place it in a stream of water, the tem- 
perature of which is about 16°, let it remain there till its 



* Bock salt may be used. 

F 2 
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contents are cooled to this degree^ wipe it dry^ and place it in 
its case. 

Now fill a 100 c.c. pipette with solution of chloride of 
sodium^ which is then allowed to flow into the test-bottle 
containing the silver solution.* Insert the glass-stopper firmly 
(after moistening it with water), cover the neck of the bottle 
with the cap of black stufi* belonging to it, and shake violently 
without delay, tül the chloride of silver settles, leaving the 
fluid perfectly clear. Then take the stopper out, rub it^on 
the neck, so as to remove all chloride of sil?er, replace it 
firmly, and by giving the bottle a few dexterous turns, rinse 
the chloride down from the upper part. After allowing to rest 
a little, again remove the stopper, and add, from a burette, 
decimal chloride of sodium solution, allowing the drops to 
fall against the lower part of the neck, the bottle being held 
in an inclined position. If, as above directed, I'OOl to 1"003 
grm. silver have been employed, the portions of chloride of 
sodium solution at first added may be i c.c. After each ad- 
dition, raise the bottle a little out of its case, observe the 
amount of precipitate produced, shake till the fluid has become 
clear again, and proceed as above, before adding each firesh 
quantity of chloride of sodium solution. The smaller the 
precipitate produced, the smaller should be the quantity of 
chloride of sodium next added; towards the end only two 
drops should be added each time ; and quite at the end read 
off the height of the fluid in the burette before each further 
addition. When the last two drops give no more precipitate, 
the previous reading is the correct one. 

If by chance the point has been overstepped, and the time 
has been missed for the proper reading off of the burette, add 
2 to 3 c.c. of the decimal silver solution (the silver in which 
is to be added to the quantity first weighed), and try again to 
hit the point exactly by careful addition of decimal chloride of 
sodium solution. 

The value of the chloride of sodium solution is now known. 
Reckon it to 1 grm. silver. 

Suppose we used for 1*002 grm. silver 100 c.c. of concen- 

* The pipette, having been filled above the mark, should be fixed in a 
Bupport, before the excess is allowed to run out, otherwise the measnrings 
will not be snfGlciently accurate. 
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trated and 3 c.c. of decimal cUoride of sodmm solution ; this 
makes altogether 100'3 of concentrated ; then 

1002 : 1000 : : 1003 : ^ 

X = 100-0998 

We may without scruple put 100*1 for this number. We now 
know that 100* 1 c.c. of the concentrated solution of chloride 
of sodium^ measured at 16^^ exactly precipitates 1 grm. of 
silver. 

The actual assay : 

Weigh off as much as contains about 1 grm. of silver, or 
better, a few mgrm. more ;* dissolve in a test-bottle in 5 to 
7 c.c. nitric acid, and proceed in all respects exactly as in 
the titration of the chloride of sodium solution. 

Suppose we have taken 1-116 grm. of the alloy, and in 

addition to the 100 c.c. of concentrated chloride of sodium 

solution, have used 5 c.c. of the dilute {="5 concentrated), 

how much silver would the alloy contain ? 

Na CI Solution. 
For the precipitation of the silver in the alloy 

were used 100*5 c.c. 

For 1 grm. silver are necessary .... 100*1 c.c. 



Difference '4 c.c. 

There are, therefore, 4 mgrm. of silver present more than a 
grm., on the presumption that '1 c.c. of the concentrated 
chloride of sodium solution corresponds to 1 mgrm. silver. 
This supposition, although not absolutely correct, may be 
safely made. 

Before we can execute this process exactly, we must know 
the quantity of silver the alloy contains very approximately. 
In assaying coins of known value this is the case, but with 
other sUver alloys it is usually not so. Under the latter cir- 
cumstances an approximate estimation must precede the regular 
assay. This is performed by weighing off '5 grm. (or in the 
case of alloys that are poor in silver, 1 grm.), dissolving in 3 

* In coins, which contain 926 parte of silver in 1000, therefore take 
about 1'085. It should be remembered that alloys of silver and copper 
are not homogeneous unless they have the formula AggCu^, which corre- 
sponds to 718*67 silver in 1000; thus, for instance, the pieces of metal 
from which coins are stamped often contain 1*5 to 1*7 parts in a thousand 
more silver in the middle than at the edges. 
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to 6 c.c. nitric acid, and adding from the burette cHoride 
of sodium solution — first in larger, then in smaller quantities 
— till the last drops produce no further turbidity. The last 
drops are not reckoned with the rest. The operation is con- 
ducted, as regards shaking, &c., as previously given. Suppose 
we had weighed off *5 grm. of the alloy, and employed 25 c.c. 
of the chloride of sodium solution — ^taking the above supposed 
value of the lattei 



We have lOO'l : 25 : : 1000 : x 

X = -2497 

that is, the silver in '5 grm. of the alloy ; and as to Ihe 
quantity of alloy we have to weigh off for the assay proper. 

We have '2497 : 1003 : : '5 : x 

X = 2008. 

This quantity will, of course, require more nitric acid for 
solution than was previously used (use 10 c.c). 

IN THB DRY WAY. 

Ignite the salt in a current of dry chlorine, till it ceases to 
lose weight. The salt is placed in a bulb tube or porcelain 
boat ; if the latter is used it is inserted in a piece of combus- 
tion tube. The operation should be continued for fifteen 
minutes, then the salt should be weighed, heated again in the 
current for a few minutes, and again weighed to make sure that 
the substance was completely converted. If a bulb-tube is 
used, be carefiil before weighing to hold it in a slanting posi- 
tion so as to replace the chlorine with air. 

The chloride of silver obtained in this process contains a 
little occluded chlorine. To obtain results absolutely accurate 
it is necessary to expel this chlorine, which may be done by 
ignition in a current of dry carbonic acid. 

S. Am BnlpUde. 

Precipitate the solution with sulphuretted hydrogen, allow 
the precipitate to subside, collect it on a weighed filter, wash 
and dry at 100®. The filtration should be effected without 
loss of time, or the sulphuretted hydrogen will be decomposed 
and the precipitate will be contaminated with sulphur. 
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€• ^Tttli Iodide of Staircli. Volmnetricallj'. 

When a solution of iodide of starch is added to a neutral 
solution of nitrate of silver, it loses its color, in consequence 
of the formation of iodide, and, in all probability, of iodate of 
silver. Besides the ordinary reducing agents, the following 
substances interfere with this reaction : mercurous and mercuric 
salts, stannous salts, salts of antimony, arsenites, ferrous salts, 
salts of manganese, and chloride of gold. Salts of lead and 
copper, on the other hand, do not afiPect iodide of starch. 

The solution of iodide of starch, — ^Take 2 grm. iodine, and 
15 grm. starch, mix them intimately in a mortar with addition 
of six or eight drops of water, and heat in a closed flask in a 
water-bath till the original violet-blue color has turned to 
greyish blue — ^this takes about an hour. Then digest with 
water, in which it will dissolve completely to a deep bluish 
black fluid.* 

TUratiofi of the iodide of starch. — ^Take 10 c.c. of a solution 
of nitrate of silver containing 1 grm. pure silver in 1 litre, 
add a little carbonate of calcium and then the iodide of starch. 
The carbonate of calcium besides neutralizing the acid, has the 
effect of renderiug the final change of color more distinct. 
About 50 c.c. of the iodide of starch should be used in this ex- 
periment. The end-point is easy to hit, and an error of "5 c.c. 
is of no moment, as it only corresponds to about *0001 grm. 
silver. 

The actual analysis, — ^The quantity of silver present should 
not exceed '02 grm. Free acid is saturated with carbonate of 
calcium. In the case of a nitric acid solution containing lead, 
first precipitate the lead with sulphuric acid, filter, neutralize 
the filtrate with carbonate of calcium, filter again if necessary, 
add more carbonate of calcium and proceed as usual. 

Xiead. 

1. As Metal. 

By ignition in hydrogen. (For chloride, bromide 

and iodide). 
By fusion with cyanide of potassium. 

* Instead of this solntion, a dilate solution of iodine in iodide of potas- 
sium, and some starch solution may be equally well employed. 
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2. As Oxide. 

By precipitation as carbonate. 

By ignition. (For higher oxides^ salts of volatile adds 
and organic salts.) 

3. As Sulphide. 

4. As Sulphate. 

By ignition with sulphuric acid. (For oxides^ salts of 

volatile acids and organic salts.) 
By precipitation with sulphuric add. 

5. As Chbomate. 

6. As Chloride. (For Chromate^ iodide and bromide.) 

1. Am XetaL 
BT IGNITION IN HYDROGEN. 

Reduce in a current of hydrogen. The heat must not be 
too strong. 

BT FUSION WITH CYANIDE OF POTASSIUM. 

The metal obtained is washed and weighed. This meüiod 
is not applicable to the sulphide of lead. 

a. As Oxide. 

BY PRECIPITATION AS CARBONATE. 

Warm the solution gently^ add carbonate of ammonium 
slightly in excess^ and then ammonia; allow to settle and 
filter. Wash, dry, remove the precipitate as completely as 
practicable to a porcelain crucible, receive the filter ash on the 
lid and ignite. The results are generally a trifle too low, 
owing to carbonate of lead not being absolutely insoluble, 
particularly in fluids rich in ammoniacal salts. 

BY IGNITION. 

Oxides, carbonate, nitrate of lead, ^c. — Ignite cautiously in 
a porcelain crucible till the weight remains constant. 

Organic salts of lead. — Heat gently in a covered porcelain 
crucible, until the substance is completely carbonized; then 
stir with an iron wire. Remove the lamp, add a few pieces of 
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recently fused nitrate of ammonium^ and replace tlie lid. 
Finally ignite till no more nitrous fumes are eyolved. 

S. Am Snlplildei 

Precipitate tlie solution with sulphuretted hydrogen. A 
large excess of acid and also warming should be avoided. 
Pilter, wash the precipitate with cold water, dry, transfer to 
a porcelain crucible, add the filter ash and a little sulphur, 
and ignite in a current of hydrogen till the weight is con- 
stant. If the heat is too low, the residue will contain an 
extra amount of sulphur, if too high sulphide of lead will 
begin to volatilize. 

. %m Am Solptaateg 

BY IGNITION WITH SULPHURIC ACID. 

Treat with strong sulphuric acid, and heat with caution, 
finally ignite till the excess of sulphuric acid is driven off. 

BY PRECIPITATION WITH SULPHURIC ACID. 

Mix the solution with sulphuric acid in slight excess, and 
add to the mixture twice its volume of alcohol. Allow to 
settle, filter, wash the precipitate with alcohol, dry it, remove 
it as completely as practicable to a porcelain crucible, add the 
filter ash, and ignite. 

In cases where the addition of alcohol is inadmissible, a 
larger excess of sulphiiric acid must be added, and the preci- 
pitate, which is allowed some time to subside, must be washed 
first with water acidulated with a few drops of sulphuric acid, 
and then repeatedly "with alcohol. 

The results obtained without the use of alcohol for precipi- 
tation are a little too low. K a proper excess of sulphuric acid 
is not added, in the presence, for instance, of ammoniacal salts, 
nitric acid, &c., the lead is not completely precipitated. 

8. As cniromate. 

If free nitric acid is present, add acetate of sodium in suffi- 
cient quantity to replace it by acetic acid. If the solution is 
not distinctly add, render it so with acetic acid. Add bichro- 
mate of potassium in excess, allow the precipitate to subside 
at a gentle heat, collect on a weighed filter, wash, and dry at 
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100^. The precipitate may also be ignited ; but in this case, 
care must be taken that hardly any of the salt adheres to the 
paper^ and that the heat is not too high. 

6. Am Chlorid«. 

Mix the solution with hydrochloric acid in excess^ evaporate 
to a small bulk on the water bath^ treat the residue with ab- 
solute alcohol mixed with a little ether, let the precipitate 
subside, filter, and wash with alcohol and ether. The chlo- 
ride of lead may be either dried at 100° or ignited. In the 
latter case a porcelain crucible is used, and care is taken that 
the least possible amount of salt adheres to the filter, and that 
the heat is not raised to redness. 

Keroary. 

1. As Metal. 

In the dry way. 
In the wet way. 

2. As Mercubous Chloride. 

3. As Mercuric Sulphide. (For mercuric salts.) 

4. As Mercuric Oxide. (For nitrates and nitrites.) 

5. With Iodine Solution. Volumetrically. (For mer* 

curous salts.) 

6. With Hyposulphite of Sodium. VolumetricalLiY. 

7. With Chloride of Sodium. Volumetrically. (For 

mercuric nitrate.) 

1. As Metal. 

IN THE DRY WAY. 

Take a combustion-tube 45 cm. long and sealed at one end. 
Put into it a mixture of acid carbonate of sodium and pow- 
dered chalk (to occupy about 5 cm.), then a little quicklime 
(2 cm.), then the intimate mixture of the substance with 
quicklime (12 cm.), then the lime rinsings of the mortar 
(4 cm.), then some more quicklime (12 cm.), and finally a plug 
of asbestos. Draw the tube out in front of the asbestos, bend 
it down at an angle of 135°, and cut it so as to form a thin 
spout about 10 cm. long. Having made a channel along 
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the entire lengtli of the tube by knocking it upon the bench, 
place it in a combustion-furnace and let the spout dip into 
a flask containing water — the point should just touch the 
surface of the water so that the opening may just be 
closed. 

Ignite the tube, commencing at the firont and proceeding 
slowly towards the sealed end. The last traces of mercury 
will be expelled by the carbonic acid evolved from the mixture 
of carbonates. While the tube is still red hot, cut off the 
spout just in front of the asbestos, and rinse the mercury which 
is in it into the flask. Unite the small globules of metal into 
a large one by agitating the flask; after some time, decant 
the clear water, and pour the mercury into a weighed porce- 
lain crucible. Remove the greater portion of water with blot- 
ting-paper, and complete the drying over sulphuric acid : heat 
must not be applied. 

In the case of sulphides, in order to avoid the presence of 
aqueous vapor in the tube, which would give rise to the for- 
mation of sulphuretted hydrogen, the mixture of acid carbo- 
nate of sodium and chalk is replaced by magnesite. To ana- 
lyse iodide of mercury, the lime is replaced by finely-divided 
copper. 

The accuracy of the method is entirely dependent on the 
care bestowed. The most highly accurate results, however, 
are obtained by a modification of Erdmann and Mabchand.* 
They employ a current of carbonic acid, and receive the mer- 
cury in a bulb apparatus, the outer end of which contains 
gold-leaf. This method may be employed in the analysis of 
amalgams. 

IN THE WET WAY. 

The solution should be free from nitric acid. Add hydro- 
chloric acid and clear stannous chloride, boil for a short time, 
and allow to cool. When the fluid has settled clear, decant it. 
Boil the precipitate with hydrochloric acid mixed with a few 
drops of stannous chloride, to cause the particles to unite, 
wash first with weak hydrochloric acid, then with water, dry 
roughly with blotting-paper, and finally over sulphuric acid. 
This method requires great care ; generally a little mercury is 
lost. 

* " Joum. f. prakt. Chem.," 31, 385, 
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Test analysis : 2 grm. mercuric chloride gave 72*88 per cent, 
of metal (theory 73-83 per cent.). 

a« Am Menmroiui Obloilde« 

Mercurous salts, — ^The solution should not contain much 
free nitric acid^ and should be cold and dilute. Add chloride 
of sodium^ allow the precipitate to subside^ collect it on a 
weighed filter, and dry at 100®. 

Mercuric salts. — Add chloride of sodium (if a safficient 
quantity of hydrochloric acid is not already present), and then 
ferrous sulphate. At least 3 grm. of the latter should be 
added for 1 grm. of mercury. Now add potash, which will 
produce a precipitate of mercurous oxide and protosesquiozide 
of iron. Digest with shaking for a few minutes, add dilute 
sulphuric acid and allow to stand, agitating occasionally till 
the precipitate has turned pure white — f.e., till the mercurous 
oxide is completely converted into the chloride. Finally 
collect on a weighed filter, and dry at 100®. 

S. Am Xerovrie flnlplilde. 

Acidify with hydrochloric acid and pass sulphuretted hydro- 
gen. Allow the precipitate a short time to subside, filter, 
wash quickly with cold water, and dry at 100°. 

If it is suspected that the precipitate contains a littie 
sulphur, after it has been washed with water, wash twice with 
alcohol, and then repeatedly with bisulphide of carbon, till a 
few drops of the washings evaporate on a watch-glass without 
leaving a residue. 

li. Am BKerouric Oxide. 

Heat the salt in a bulb-tube, one end of which is drawn out 
to a point and dips under water, the other end being connected 
with a gasometer, by means of which dry air is transmitted 
through the tube as long as heat is applied. In this wav 
complete decomposition may be effected below the temperature 
at which the oxide itself is split up. 

5« VnOk Iodine Bolutloii. Volumetrloally. 

When mercuroTis chloride is mixed with iodide of potassium 
and iodine solution, the following reaction takes place : 

HgCl + 3 KI + 1 = HgKjI^ + KCl. 
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The standard solution of iodine is made by dissolving iodine 
in iodide of potassium and diluting ; it is titrated with hypo- 
sulphite of sodium (see Hydriodic Acid Estimation). The 
excess of free iodine present after the experiment is determined 
also with hyposulphite. 

Precipitate the solution under examination with chloride of 
sodium in a stoppered bottle ; allow to subside^ filter, wash the 
precipitate and rinse it back into the bottle. Add solution of 
iodide of potassium and standard solution of iodine (to 1 grm. 
HgCi about 2'5 grm. KI and 100 c.c. decinormal iodine solu- 
tion) ; insert the stopper, and shake till the precipitate has 
entirely dissolved. Finally, titrate the excess of iodine. 

6. ^Vltli Byposnlpblte of Sodium« Volnmetrlealljr. 

MERCUBOUS SALTS. 

When hyposulphite of sodium is mixed with mercurous 
nitrate, the following reaction occurs : 

2HgN03+Na,Sg03=HgaS -hNa^SO^+NjOj. 

The mercurous sulphide subsides rapidly, and the end of the 
reaction is easy to perceive. The hyposulphite is standardized 
as given under Hydriodic Acid Estimation, 

Dilute the solution under examination, warm gently, and 
add standard hyposulphite (waiting a little and shaking vigo- 
rously after each addition), till the last drop gives no brown 
coloration. 

MERCURIC SALTS. 

When mercuric nitrate is mixed with hyposulphite of 
sodium, a compound of mercuric sulphide and nitrate falls 
thus: 

3 HgCNOj)^ + 2Na3S303= 2HgS.Hg(N03), + äNa^SO^ + 2^fl^. 

A similar reaction takes place with mercuric chloride, a 
compoimd of mercuric sulphide and chloride being precipitated, 
thus: 

3HgCl3+2Na3S303 + 2H,0=2HgS.HgCl,+2NaaSO^+4HCl. 

Standard hyposulphite of sodium (prepared as directed under 
Hydriodic Acid Estimation)^ is added till the mercury is com- 
pletely precipitated. 
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For mercuric fdtraie. — Mix the highly dilate solntion with 
a little nitric acid in a tall glass, and add the hyposulphite 
drop by drop. The precipitate readily subsides. In order to 
distinguish the end of the reaction, transfer the mixture 
towards the end to a measuring flask, allow to settle, take out 
] of the clear fluid, and finish with this. Presence of sulphuric 
acid does not interfere with the reaction. 

For mercuric chloride. — Mix the dilute solution with a little 
hydrochloric acid and heat nearly to boiling, then titrate with 
the hyposulphite. In order to distinguish the end of the re- 
action, small portions should be filtered off towards the dose. 
The precipitate must be completely white ; if too much hypo- 
sulphite has been added it is grey or blackish. 

7. Wltli Oblorlde of Sodlmii« ▼olnmetrteallar« 

When mercuric nitrate is mixed with phosphate of sodium, 
a precipitate of mercuric phosphate is formed ; on adding 
chloride of sodium gradually to this mixture, the precipitate 
disappears at the moment when 2 atoms of chlorine have been 
added to 1 atom of mercury. The disappearance of the pre- 
cipitate depends on its remaining amorphous ; and since it 
speedily becomes crystalline, the experiment must be rapidly 
performed. A decinormal solution of chloride of sodium may 
be used: 1 c.c. = 01080 HgO. 

The mercuric solution should contain no more than about 
'2 grm. of mercury in 10 c.c. Foreign metals must be absent, 
and the solution should be nearly neutral ; the addition of 3 
or 4 C.C. of saturated solution of phosphate of sodium to 10 ac. 
of the solution must remove the acid reaction. K too add, 
add carbonate of sodium. 

There are two methods of performing the analysis ; it is well 
to apply both, as the errors of each cancel one another (a). J 
Measure off into a beaker 1 c.c. of the mercury solution, add 
3 or 4 C.C. of saturated solution of phosphate of sodium, and 
then immediately solution of chloride of sodium till the preci- 
pitate is just redissolved ; the last portions of the chloride of 
sodium must be added cautiously. Suppose you have used 
20*5 c.c. chloride of sodium in this experiment, now {b) — 
Measure off 20*5 c.c. of the chloride of sodium solution ; add 
phosphate of sodium as above, then the mercury solution from 
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a burette. Supposing this takes 10*25 of mercury solution^ 
then 20*5 4- 20*5 =41 e.c. chloride of sodium have been con- 
sumed for 10 +10'25 =20*25 c.c. of mercury solution. 

BiBiniitli. 

1. As Metal. 

Directly. 

With previous precipitation as oxychloride. 

With previous precipitation as sulphide. 

2. As Oxide. 

By ignition. (For salts of volatile acids and organic 
salts.) 

By precipitation as carbonate. (For nitric acid solu- 
tions^ free firom other adds.) 

By precipitation as sulphide. 

3. As Chromate. (For nitric acid solutions free from 

other acids.) 

1. As MetaL 

Directly. 

Fuse the substance in a porcelain crucible with five times 
its weight of cyanide of potassium. In the case of oxide 
and oxychloride^ the reduction is completed in a short time at 
a gentle heat; sulphide^ on the other hand^ requires longer 
fusion^ and a higher temperature. Treat with water, and wash 
the metallic grains rapidly with water, then wash away the 
water with alcohol, and dry. In the case of the sulphide, 
sometimes the reduction is incomplete, and a black powder, 
consisting of a mixture of bismuth and sulphide of bismuth is 
visible. 

It sometimes happens that the crucible is attacked, and par- 
ticles of porcelain are found mixed with the reduced metal. 

WITH PREVIOUS PRECIPITATION AS OXYCHLORIDE. 

Nearly neutralize the acid present with ammonia, add 
chloride of sodium (if hydrochloric acid is not present) and 
then a large quantity of water. After allowing to stand some 
time, test a portion of the clear fluid by adding more water. 
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Finallj filter^ wash with cold water^ dry and fuse with cyanide 
of potassium as above. 

WITH PREVIOUS PRECIPITATION AS SULPHIDE. 

Dilute the solution with water slightly acidified with acetic 
acid (to prevent the precipitation of a basic salt) and pass 
sulphuretted hydrogen. Allow the precipitate to subside, 
filter^ wash with water containing sulphuretted hydrogeUj div 
and fuse as above with cyanide of potassium. 

a. Am Ozlüe. 
BT IGNITION. 

Ignite the salt in a porcelain crucible, at first gently, gnr 
dually increasing the heat. 

BT PRECIPITATION AS CARBONATE. 

If on dilution a precipitate of the basic nitrate is produced, 
this may be disregarded. Add carbonate of ammonium in very 
slight excess, and heat for some time nearly to boiling ; filter, 
dry the precipitate, transfer it as completely as possible to a 
porcelain crucible, and ignite. The results are generally a 
trifle too low. 

In the presence of hydrochloric or sulphuric acids, car- 
bonate of ammonium precipitates some basic chloride or sul- 
phate, which are not decomposed by excess of ammonium. 

BT PRECIPITATION AS SULPHIDE. 

Dilute if necessary with water slightly acidified vrith acetic 
acid (to prevent the precipitation of a basic salt), pass sfulphu- 
^retted hydrogen, allow the precipitate to subside, and wash 
with water containing sulphuretted hydrogen. 

Put the precipitate and filter together into a beaker, heat 
gently with strong nitric acid, dilute, filter, wash the filter 
with very duute nitric acid, and precipitate with carbonate 
of ammonium as above. 

S. Am Ohromate. 

The solution should be as neutral as possible. Put it into 
a beaker containing a warm solution of bichromate of potaa- 
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siiim^ rinsing the vessel which contained the bismuth with very 
dilute nitric acid. The precipitate should be orange-yellow 
and dense throughout ; if it is flocculent and light yellow, add 
more bichromate of potassium. Boil for a few minutes with 
stirring, wash the precipitate by repeated boiling with water, 
and decanting onto a weighed filter ; finish the washing on 
the filter, and finally dry at 120^. 

Copper. 

1. As Metal. 

Directly. In the grayimetric way. 
Indirectly. In the volumetric way. (For a series of 
analyses.) 

2. As Oxide. 

By direct precipitation. 

By precipitation preceded by ignition. (For salts of 
non-volatile organic acids.) 

3. As Cuprous Sulphide. 

Directly. (For oxide, suboxide, sulphate, and many 

other salts.) 
By precipitation as cuprous sulphide. 
By precipitation as sulphide. 
By precipitation as cuprous sulphocyanide. 

4. By precipitation as Cuprous Oxide. Volumetrically. 

5. With Iodide op Potassium. Volumetrically. (For 

small quantities.) 

6. With Cyanide op Potassium. Volumetrically. 

1. Am Metal. 
DIRECTLY. IN THE GRAVIMETRIC WAY. 

Put the solution into a weighed platinum dish with a piece 
of zinc,* and cover the dish. Add hydrochloric acid, if 
necessary, to produce a moderate evolution of hydrogen; if 
the evolution is too strong add water. A large portion of the 
copper is deposited on the platinum as a solid coating, another 
portion separates, especially in concentrated solutions, in the 
spongy form. Application of heat is not necessary, but there 

* Soluble in hydrochloric acid without residue. 
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must be enough acid present to keep up a constant eyolution 
of gas. In an hour or two the whole of the copper will haTe 
separated; test a portion of the fluid with sulphuretted 
hydrogen. Having dissolved any excess of zinc in acid^ press 
the copper together with a rod^ and wash it quickly by decant- 
ation with boiling water until the washings are quite free 
from hydrochloric acid. Finally, rinse with alcohol, and 
dry in an oven. 

The precipitation may also be effected in a porcelain vessel, 
but it will take a longer time, and the whole of the copper will 
be obtained in the spongy form. 

Test-analyses : -3138 copper gave -3140, -3138 gave -3138. 
MoHR obtained equally satisfactory results by precipitating in 
a porcelain crucible. 

In presence of nitric acid or metals reducibU by zinc (bis- 
muth, lead) the precipitation is effected in the ammoniacal solu- 
tion by warming it moderately with fine zinc filings, until the 
blue color has disappeared. The precipitate is first thoroughly 
washed with hot water, then digested with dilute sulphuric 
acid to remove excess of zinc, and washed with water again. 

INDIRECTLY. IN THB VOLUMETRIC WAY. 

Precipitate the metal with zinc as above, remove any iron 
which may be present by washing, and then add ferric chloride 
and hydrochloric acid. The copper dissolves thus : — 

2 ¥eC[^ -f Cu = CuClj + 2 FeClg. 

Dilute and titrate with permanganate of potassium aa under 
Iron Estimation» 

a. JkM Oxide. 

BY DIRECT PRECIPITATION. 

Heat in a platinum or porcelain dish to incipient ebullition, 
add pure potash, and keep the mixture a few minutes longer 
near the boiling temperature. Allow to subside, pour the 
supernatant fluid through a filter, wash the precipitate by 
decantation three times, boiling it up with the water, then 
collect it on a filter, wash with hot water till a few drops of 
the washings give no residue when evaporated on a platinum 
knife, and dry. Transfer as completely as possible to a platinum 
crucible; if necessary collect the filter ash on the lid^ and 
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treat it with nitric acid. Finally ignite intensely and weigh 
as soon as cool. 

Always test the filtrate with sulphuretted hydrogen. Some- 
times a brown tint is produced, although the precipitation has 
been carefully performed ; this is due to organic matter. In 
such a case, evaporate the filtrate to a small bulk, acidify, pre- 
cipitate as sulphide, redissolve in nitric acid, precipitate with 
potash, and add to the first precipitate. It is also well to 
dissolve the weighed precipitate in hydrochloric acid, in order 
to detect and estimate if necessary any silica which may be 
present. 

From ammoniacal solutions also the copper may be precipi- 
tated by potash. In the main, the process is conducted as 
above. After precipitation the mixture is heated, until the 
supernatant fluid is colorless ; then the fluid is filtered off at 
once. If the mixture were allowed to cool, a small portion of 
the precipitate would redissolve. 

BY PRECIPITATION PRECEDED BY IGNITION. 

Heat the substance in a porcelain crucible until the organic 
matter is destroyed, dissolve in nitric acid, filter if necessary, 
and treat the filtrate as above. 

S. Am Caproiu Snlpbide. 
DIRECTLY. 

Mix with sulphur and ignite over the blowpipe in a current 
of hydrogen for ten minutes. 

BY PRECIPITATION AS CUPROUS SULPHIDE. 

The solution should not contain too much hydrochloric or 
nitric acid. Heat to boiling, and add boiling solution of hypo- 
sulphite of sodium as long as a black precipitate forms. Allow 
to subside, wash the precipitate, dry, transfer to a porcelain 
crucible, and finally ignite with the filter ash and a little sul- 
phur in a current of hydrogen, over the blowpipe, for ten 
minutes. 

BY PRECIPITATION AS SULPHIDE. 

Precipitate with sulphuretted hydrogen, filter off and wash 

o 2 
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quickly with water coiitaiiiing sulphuretted hydrogen. Dry, 
transfer to a porcelain crucible^ and ignite with the filter ash 
and a little sulphur in a current of hydrogen, over the blow- 
pipe, for ten minutes. 

BT PRECIPITATION AS CUPROUS SUI.PHOCYANIDE. 

The solution should be nearly free from nitric acid and not 
too acid. Add sulphurous acid and then sulphocyanide of 
potassium. Allow to settle, filter, wash the precipitate, dry 
it, and ignite with the filter ash and a little sulphur in a 
current of hydrogen over the blowpipe. 

%m 87 Preolpttatloii mm Ciipitnu Oxide. VolmiMtrieallj. 

If a solution of copper is mixed with Rochelle salt (KNaT) 
and potash, a deep blue fluid is obtained. K this is warmed 
and grape-sugar is added, the whole of the copper precipitates 
in a short time as cuprous oxide. On warming this with ferric 
chloride and hydrochloric acid it dissolves, thus — 

CujO + 2 FeQg -|- 2 HQ = 2 CuClj + 2 FeCl, -f H^O. 

The ferrous chloride produced may be titrated with perman- 
ganate of potassium, as directed under Iran Estimation, 

Dissolve the substance in water or nitric acid, mix in a 
capacious dish in the cold with a solution of Bochelle salt, add 
potash, then solution of grape-sugar, and warm on the water- 
bath until the fluid shows a brown color on the border, which 
is a sign that the whole of the copper is precipitated, and that 
the alkali begins to act on the sugar. AUow to subside, and 
filter. The filtrate generally appears brown, and forms a 
muddy layer with the wash-water; the turbidity should dis- 
appear on stirring. Wash with hot water until the washings 
are colorless, put the precipitate (with the filter) back into the 
dish, add ferric chloride and a little hydrochloric acid, and 
heat gently with stirring. Filter, allow to cool to 25®, and 
titrate the ferrous chloride with permanganate. 

6. ^nth Zodlde of Potasslmn. Volnmetrleallj. 

When a cupric salt is mixed with iodide of potassium, iodine 
is liberated, thus — 

CuS04-f2KI=CuI-hK,SO^+L 
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The iodine remains dissolved in the excess of iodide of potas- 
sium^ and may be titrated with hyposulphite of sodium (see 
Hydriodic Acid Estimation). 

The solution may contain an excess of sulphuric acid. 

Test analyses :— 0254 Cu gave -0256, -0260, 0257, 0260. 

6. IVith Cyanide of Potassliizii. Volninetrlcally. 

When an ammoniacal solution of copper is mixed with 
cyanide of potassium, the blue color disappears, CuCy^NH^Cy 
and KHO are formed, while an atom of cyanogen is separated, 
which, acting on the free ammonia, gives urea, oxalate of urea, 
and cyanide, and formate of ammouium. The decomposition 
is not always the same, the proportion of ammonia and ammo- 
nium salts present has a marked influence on the result. 

Cadmiam. 

1. As Oxide. 

By precipitation. 

By ignition. (For salts with readily volatile oxygen 
acid^O 

2. As Sulphide. 

1. As Oxide. 

BY precipitation. 

Heat nearly to boiling in a capacious vessel, add carbonate 
of sodium drop by drop till in excess, boil a few minutes, allow 
to subside, decant through a filter, and boil the precipitate 
three times with water, decanting each time ; then transfer 
the precipitate to the filter, finish the washing with hot water, 
and dry. Transfer the precipitate as completely as possible to 
a crucible before incinerating the filter. Finally ignite care- 
fully, avoiding the action of reducing gases. 

BY IGNITION. 

Expose the salt, in a covered platinum crucible, first to a 
gentle heat, finally to a most intense heat, until the weight 
remains constant. The action of reducing gases is to be 
avoided. 

a. Am Bulpbide. 

Precipitate with sulphuretted hydrogen, dry at 100°, and 
weigh. K it is suspected that the precipitate contains free 
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sulphur^ it should be washed on the filter with bisulphide of 
carbolL. 

Tin. 

1. As Stannic Oxide. 

By nitric acid. (Principally for the metal. In com- 
pounds chlorine must be absent.) 
By precipitation as stannic hydrate. 
By precipitation as sulphide. 

2. By oxidation of Stannous Chlo&ide. Volühetricallt.'^ 

By iodine in alkaline solution. 
By addition of ferric chloride. 

i. As Staanto Ozlde« 

BY TREATMENT WITH NITRIC ACID. 

Treat the substance in a platinum dish covered with a 
watch-glass^ with a mixture of equal parts of strong nitric 
acid and water. Warm the dish on a water-bath^ and when 
all action has ceased^ rinse the watch-glass^ and evaporate to 
dryness. If other fixed substance are absent^ ignite at once 
over the blowpipe. If other fixed substances are presenti 
treat with water, collect on a filter, wash, dry, and then ignite 
over the blowpipe. 

In the presence of sulphuric acid, add carbonate of ammo- 
nium during the ignition. 

BY PRECIPITATION AS STANNIC HYDRATE. 

With nitrate of ammonium or sulphate of sodium. — ^If the 
solution contains any stannous salt, add hydrochloric acid and 
chlorate of potassium, and heat. Now add ammonia till a 
permanent precipitate begins to form, and then hydrochloric 
acid till the precipitate is just redissolved. Add a strong so- 
lution of nitrate of ammonium (or sulphate of sodium), and 
heat for some time. Allow to settle, and test a small quantity 
of the supernatant fluid by adding it to a hot solution of the 
precipitant salt. Wash by decantation three times, then col- 

* The estimation of tin by the oxidation of stannous chloride offers 
peculiar difficulties» inasmuch as on the one hand the stannous chloride 
takes up oxygen from the air and from the water used for dilation, and 
on the other hand, the energy of the oxidizer varies according to the state 
of dilution and the amount of acid present. 



ESTIMATION OF METALS. 87 

lect the precipitate on the filter, wash thoroughly, dry, and 
ignite. 

With sulphuric add, — The whole of the tin must he in the 
stannic form, and hydrochloric acid should be present. In 
the case of the ordinary stannic compounds, considerable dilu* 
tion is necessary ; but a moderate dilution suffices for meta- 
stannic acid or metastannic chloride. Allow to settle tho- 
roughly, filter, wash, and ignite, at last intensely, with addition 
of carbonate of ammonium. 

BT PRECIPITATION AS SULPHIDE. 

Saturate with sulphuretted hydrogen, allow to stand for 
half an hour, and then filter. Stannic sulphide is inclined to 
pass through the filter, and must be washed with strong solu- 
tion of chloride of sodium, or acetate of ammonium containing 
a little acetic acid. Dry the precipitate, and roast it in an 
open porcelain crucible at a gentle heat till the odor of sul- 
phurous acid disappears. Finally, ignite strongly, adding car- 
bonate of ammonium towards the end repeatedly. 

2. 8j Ozldatton of Staanoiui Chloride. Voliiinetrically. 

BY IODINE IN ALKALINE SOLUTION. 

Dissolve the stannous salt or the metallic tin* in hydro- 
chloric acid, add Rochelle salt (KNaTj, then acid carbonate 
of sodium in excess. Finally titrate with standard iodine 
solution. The iodine solution is prepared by dissolving iodine 
in iodide of potassium, and diluting ; it is standardized with 
hyposulphite of sodium (see HydHodic Acid Estimation), 2 
atoms of iodine are equivalent to 1 atom of tin. 

BY ADDITION OF PEBRIC CHLORIDE. 

Ferrous chloride is much less liable to oxidation than stan- 
nous chloride. K, therefore, we substitute ferrous chloride for 
stannous chloride in a solution (as by the addition of ferric 
chloride) before titration with an oxidizing solution, the result 
will be more precise. 

For stannous salts. — Dissolve in pure ferric chloride (Iree 

* The solution of metallic tin is much assisted bj the presence of plati- 
num foil, which is accordingly added. 
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firom ferrous chloride) with addition of hydrochloric acid, 
dilute^ and add standard permanganate of potassium (see Iron 
Estimation) from the burette. Now make another experiment 
with the same quantity of water similarly colored with ferric 
chloride, to ascertain how much permanganate is required to 
tinge the liquid, and subtract the quantity so used from the 
amount employed in the actual analysis, and firom the re- 
mainder calculate the tin. 

For metallic tin. — Either dissolve in hydrochloric acid (with 
addition of platinum) and treat the solution as above, or place 
the substance at once in a concentrated solution of ferric chlo- 
ride, mixed with a little hydrochloric acid ; under these a^- 
cumstances it will, if finely divided, quickly dissolve even in 
the cold, and without evolution of hydrogen, thus : — 

Sn + 4Fea3 = SnCl^ -f 4Fea2, 

Gentle warming is unobjectionable. Now add permanganate. 
The results are, of course, only correct when iron is not pre- 
sent. When this is the case, proceed with the impure tin 
solution as follows. 

For stannic chloride or hydrate, or a compound of tin con- 
taining iron. — Dissolve in water, with addition of hydrochloric 
acid, put a plate of zinc in the solution, and allow it to stand 
twelve hours, then remove the precipitated tin with a paint- 
brush, wash it, dissolve in ferric chloride, and titrate with per- 
manganate. 

For pure freshly precipitated stannic sulphide. — Mix with 
ferric chloride, and heat gently — 

SnSjj + 4FeCl3 = SnCl^ + 4 FeClg -f Sg. 
Filter off the sulphur, and titrate with permanganate. 

Antimony. 

1. As BiNOXIDE. 

By ignition. (For oxides and salts with readily volatile 

oxygen acids.) 
By precipitation as sulphide. 

2. By boiling the Sulphide with Hydrochloric Acid, 

AND estimating THE HyDROSULPHURIC AciD EVOLVED. 

3. By Permanganate of Potassium. Volumetrically. 
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1. Ab BInoxIde. 

BY IGNITION. 

Evaporate carefully in a platinum vessel with nitric acid, 
and ignite. For antimonic acid of course the evaporation with 
nitric acid is unnecessary. 

BY PRECIPITATION AS SULPHIDE. 

Add hydrochloric acid, and then tartaric acid. Precipitate 
with sulphuretted hydrogen, and warm gently. Collect the 
precipitate on a filter, wash it with water containing a little 
sulphuretted hydrogen, and then dry it. If the precipitate 
contains much sulphur, extract it with bisulphide of carbon 
before proceeding. 

Transfer to a porcelain crucible, moisten with a few drops 
of ordinary strong nitric acid, then add faming nitric acid* in 
quantity about 10 times as much as the precipitate, and let 
the acid gradually evaporate on the water-bath. The sulphur 
separates at first as a fine powder, which, however, is readily 
and completely oxidized during the evaporation. The white 
residue consists of antimonic and sulphuric acids, and may be 
converted into the binoxide by ignition. 

a. Bjr Betling tbe Sulphide wltb Bydroolilorio Add and Batima.tlng 

tbe BydroBulpbnrio Aoid Bvolved. 

Both the sulphides of antimony yield 3 atoms of sulphu- 
retted hydrogen on being boiled with hydrochloric acid. If 
the sulphide is on a filter, put the latter also into the flask. 
The hydrochloric acid should not be too concentrated. Of 
course you have to be on your guard against the presence of 
chloride of antimony, in a precipitate of the sulphide. 

%m 8 J yemiaiiganate of Potasstmii. ▼olmnetrloally. 

When permanganate of potassium is added to a solution of 
antimonious chloride containing at least ^ of its volume of 
hydrochloric acid of 1*12 s. g., the antimonious chloride 
changes to antimonic chloride. The solution of permanga- 
nate is added till a permanent pink color is produced. It 

* Ordinary strong nitric acid is not snitable, as its boiling point is 
above the fusing point of sulphur. The fuming acid boils at 8^. 
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may be made by dissolving about 1*5 of the crystals to 1 litre, 
and may be standardized with tartar emetic* The end- 
reaction is exacts and the oxidation goes on uniformly if the 
proper proportion of hydrochloric acid is present. It is not 
well that the hydrochloric should exceed j- of the volume of 
the fluids as in that case the end-reaction would be too 
transient. 

In the case of sulphide of antimony^ dissolve it in hydro- 
chloric acid in a small flask placed on a water-bath, add 
chloride of mercury to precipitate sulphuretted hydrogen, 
make up to a certain volume^ allow to settle, and measure off 
a portion for the estimation. 

Arsenio. 

1. As Arsenate of Lead. (For arsenious or arsenic acids, 

pure.) 

2. As Arsenate of Magnesium and Ammonium. 

Directly. 

With previous precipitation by molybdate of am- 
monium. 
With previous precipitation by sulphuretted hydrogai. 

3. As Arsenious Sulphide. (For arsenious acid.) 

4. By standard solution of Iodine^ in an alkaline fluid. 

(For arsenious acid.) 

5. By boiling with Hydrochloric Acid and Bichromate 

OF Potassium. Volumbtrically. (For arsenious 
acid.) 

6. By standard Bichromate of Potassium. (For arsenious 

acid.) 

7. By standard Uranium solution. 

1. Jkm Anenat« of &ead. 

If arsenious acid is present^ add nitric acid^ and evaporate 
to a small balk before proceeding. 

Add a weighed quantity of recently ignited pure oxide of 
leadf (about 6 times the quantity of arsenic acid present)^ 

* The tartaric acid present in this body does not ioterfere with the 
reaction. 

t The oxide of lead ma^ be prepared by exhausting red lead with nitric 
acid, and igniting the residual binoxide. 
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eyaporate to dryness, and heat to gentle redness for some time. 
When much nitrate of lead is present this ignition requires 
considerable care to prevent loss by decrepitation. The residue 
consists of arsenate of lead -f oxide of lead, in other -words 
of arsenic acid -|- oxide of lead. Subtract the weight of the 
oxide of lead from that of the residue, and the remainder is 
the weight of the arsenic acid. 

a« Am Anenate of Mag n e sl i i m and AmmMiiiisi. 

ni&ECTLT. 

In the presence of arsenious acid, add hydrochloric acid, 
heat gently, add chlorate of potassium in small portions, and 
then allow to stand at a gentle heat till the dilorous smell 
has nearly gone off. 

Add ammonia in excess (the solution should remain clear), 
and then sulphate of magnesium previously mixed with chlo- 
ride of ammonium in sufficient quantity to prevent its being 
pi^ecipitated by ammonia. Allow to stand twelve hours in 
the cold. Decant through a weighed filter, transfer the pre- 
cipitate to the filter, with the aid of portions of the filtrate, 
and then wash with small quantities of weak ammonia (the 
ordinary solution diluted with three parts of water) till the 
washings are nearly free from chloride. Finally dry the pre- 
cipitate at 105-110°. Its formuk is 2MgNH^AsO^ . HjO. 

The results are always somewhat too low, as the precipitate 
is perceptibly soluble even in ammoniacal water. The error 
may be diminished by measuring the filtrate (without the 
washings) and adding for every 16 c.c. 1 mgrm. to the weight 
found of the precipitate. To extend the correction , to the 
washings is inadmissible, since they cannot be regarded as a 
saturated solution. 

WITH PREVIOUS PRECIPITATION BY MOLTBDATE 07 AMMONIUM. 

Precipitate with the solution of molybdate of ammonium 
(containing nitric acid). A large proportion of the precipitant 
will be required. Boil for some time and then allow to settle. 
Kemove a portion of the clear supernatant fluid with a pipette, 
mix it with an equal volume of molybdate solution, and allow 
to stand in order to see whether the arsenic is fully precipi- 
tated. When complete precipitation has been effected, transfer 
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the precipitate to a filter, remove the rest from the beaker by 
means of portions of the filtrate^ and wash the precipitate 
with a mixture of equal parts of molybdate solution and 
water, which should be dropped on in small quantities. Then 
dissolve the precipitate in ammonia on the filter, wash the 
latter, neutralize a portion of the ammonia in the filtrate with 
hydrochloric acid (the solution must of course still remain 
strongly ammoniacal and clear), precipitate with a mixture of 
sulphate of magnesium and chloride of ammonium and proceed 
as above. 

WITH PREVIOUS PRECIPITATION BY SULPHURETTED HYDROGEN. 

Precipitate with sulphuretted hydrogen (in the presence of 
arsenic acid at a temperature of 70°). Filter, wash, and dry 
the precipitate. Transfer it as completely as possible to a 
porcelain dish, add a good quantity of the strongest nitric 
acid ;* cover the dish, and after a little while place it on a 
water-bath, then heat till all the sulphur has disappeared and 
the nitric acid is almost completely evaporated. Extract the 
filter with ammonia, evaporate the solution to dryness, oxidize 
the residue with nitric acid, and mix it with the bulk of the 
arsenic acid. Finally, add excess of ammonia, precipitate with 
a mixture of sulphate of magnesium and chloride of ammonium, 
and proceed as above. 

S. Am ArffenloiM Snlpliide. 

Precipitate with sulphuretted hydrogen and filter. If any 
particles of the precipitate adhere firmly to the beaker or to 
the tube through which the gas is conducted, dissolve them in 
ammonia, and reprccipitate with hydrochloric acid. Wash, 
dry at 100°, and weigh. 

ft. By Standard Iodine Bolatton, in an Alkaline Fluid. 

When arsenious acid in alkaline solution is mixed with 
iodine solution, the acid is changed to arsenic acid, while the 
iodine is absorbed, thus : 

Asj^Oj + 4NaH0 + 1^= AsgO^ + 4NaI + 2 H^O. 

The solution of iodine is prepared by dissolving iodine in 

* The ordinary strong nitric acid boils at a temperature above the melt- 
ing point of Bulpnor ; consequently if this were used the separated sulphur 
would fuse into drops which obstinately resist oxidation. 
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iodide of potassium and diluting ; it is standardized with hypo- 
sulphite of sodium (see Hydriodic Acid Estimation), The 
solution to be examined should be neutralized, mixed with acid 
carbonate of sodium, and then titrated. 

5. 87 Bollliiir Willi Bjrdroolilorlo Add and Sloliroiiiate of 

Votasslnm. ▼olmnetrtoallj'. 

When a weighed quantity of bichromate of potassium is 
boiled with strong hydrochloric acid, a known quantity of 
chlorine is evolved, thus : 

K,Cr04.Cr08-hl4Ha=2KCl+2CrCl3 + 7H30-|-Cl,. 

If arsenious acid is present in the mixture of bichromate 
and hydrochloric acid, it wUl retain a portion of the chlorine, 
thus: 

AS3O3 + CI4 + 2 H3O = AsjOg + 4 HCl. 

The chlorine is passed into excess of iodide of potassium 
solution, and the liberated iodine is estimated with hyposul- 
phite of sodium. For the method of conducting the experi- 
ment, see Chromic Acid Estimation. 

6. By Standard Bloliromate of Fotairtmn. 

The arsenious acid is oxidized by standard solution of bi- 
chromate of potassium, and the excess of the latter is estimated 
by standard solution of ferrous sulphate. The solutions are 
prepared as follows : 

Solution of arsenious acid. Dissolve exactly 5 grm. arsenious 
acid in potash, add hydrochloric acid in slight excess, then 
100 c.c. more hydrochloric acid, of 1*12 s.g., and dilute to 
1 litre. 

Solution of bichromate of potassium. Dissolve about 2*5 
grm. to 1 litre. 

Solution of ferrous sulphate. Dissolve about 1*1 grm. iron 
wire in 20 c.c. dilute sulphuric acid, and dilute to 1 litre. 

To find the relation between the Chromate solution and the 
iron solution. Run into a beaker 10 c.c. of the Chromate 
solution from a burette, add 5 c.c. of hydrochloric acid and 
50 c.c. water, and then titrate with the iron solution till a 
drop taken out ceases to give a blue color with a drop of ferri- 
cyanide of potassium on a white plate. 



94 SSTIHATION. 

To standardize the Chromate solution. Transfer 10 cc. of 
the arsenic solution to a beaker^ add 20 c.c. hydrochloric add 
of 1*12 s.g., and 80-100 c.c* water, run in Chromate solu- 
tion till the yellow color of the fluid shows an excess^ wait a 
few minutes, add excess of iron solution, then again '5 Chromate 
solution, finally again iron solution till the end-reaction 
appears. Deduct from the total quantity of Chromate solution 
employed, the amount corresponding to the iron used. 

For the actual analysis. Dissolve the substance in hydro- 
chloric acid. The solution should contain not less than ^ of 
its volume of hydrochloric acid of 1*12 s.g. It is not ad- 
visable, on the other hand, that it should contain more tiian }, 
otherwise the end-reaction with ferricyanide of potassium is 
slower in making its appearance and loses its nicety. Now 
proceed as directed above for the standardizing of the Chromate 
solution. K the direct determination of the hydrochloric acid 
solution is not practicable, precipitate the arsenic with sulphu- 
retted hydrogen; wash the precipitate, transfer it with the 
filter to a flask, treat it with a nearly saturated solution of 
mercuric chloride in hydrochloric acid of 1*12 s.g., digest on 
a water-bath till the precipitate is white, and dilute with a 
definite proportion of water. Then proceed. 

7. My Standard ITnuiiiim Sotatton. 

A uranic solution added to a solution of arsenic acid pre- 
cipitates uranic arsenate. A standard solution of a uranic 
salt is gradually added to the fluid under examination till a 
drop taken out gives a brown color with ferrocyanide of 
potassium. 

The uranium solution is made by dissolving a quantity of 
uranic nitrate,t equivalent to 20 grm, uranic oxide in water to 
1 litre. It is standardized with arsenate of sodium or arseni- 
ous acid — the latter being previously converted into arsenic 
acid by boiling with strong nitric acid. The solution of 
arsenic acid is rendered strongly alkaline with ammonia, and 
then distinctly acid with acetic acid. The uranium solution 

* The water must be measured, for the oxidation is Donnal only 
when the fluid contains at least ^ of its volume of hydrochloxic acid of 
112 s.g. 

f The nitrate is recommended in preference to the acetate, as it is said 
to be more permanent. 
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is now ran in from the burette slowly^ the liquid being well 
stirred all the while, till a drop of the mixture spread out on 
a porcelain plate, gives with a drop of ferrocyanide of potas- 
sium placed in its centre, a distinct reddish brown line where 
the two fluids meet. The height of the fluid in the burette is 
now read oiBT, the level of the mixture in the beaker is marked, 
and the beaker is emptied and washed, filled with water with 
addition of about as much ammonia and acetic acid as was 
before employed, and the uranium solution is dropped in from 
the burette, till a drop taken out of the beaker and tested as 
above, gives an equally distinct border-line. The quantity of 
uranium solution used in this last experiment is the excess, 
which must be added to make the end-reaction plain for the 
dilution adopted. This amount is subtracted from that used 
in the first experiment, and the value of the uranium solution 
is then known. 

The analysis is of course performed under the same con- 
ditions as the tit];ation of the uranium solution. 

iriokel. 

AS OXIDE. 

By ignition. (For carbonate and nitrate.) 

By precipitation. 

With previous precipitation as sulphide. 

Am Oadde« 
BY IGNITION. 

Ignite in a platinum crucible, taking care to exclude re- 
ducing gases. 

BY PRECIPITATION. 

Heat the solution to boiling, add potash, and keep near the 
boiling temperature for some time ; wash the precipitate three 
times by decantation, boiling up each time ; finally, wash on 
the filter, till a few drops of the washings leave no residue 
when evaporated on a platinum knife. Presence of ammonium 
salts and of ammonia does not interfere with the precipitation. 
The weighed precipitate should be tested for alkali with litmus 
paper, and for silica by dissolving in hydrochloric acid. 
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WITH PREVIOUS FBECIPITATION AS SULPHIDE. 

Put the solution into a flask^ neutralize if necessary with 
ammonia (the reaction should be slightly acid rather than 
alkaline)^ add chloride of ammonium^ and then sulphide of hydro- 
gen and ammonium^*^ in slight excess. After mixing, fill the 
flask with water up to the neck, cork, and allow to stand for 
several hours without warming. After this time the precipi- 
tate will have settled, and the supernatant fluid will be either 
colorless or slightly yellow. 

If the solution contains free ammonia, the filtrate will 
always be more or less colored from the presence of sulphide 
of nickel, which must be regained by acidifying with acetic 
acid and boiling. 

Having precipitated the sulphide, wash it by decantation 
three times with water containing sulphide of ammonium, and 
finish the washing on a filter. (Filtrate and washings should 
be either colorless or slightly yellow.) Dry the precipitate, 
and remove it as completely as possible to a beaker ; incinonte 
the filter and add the ash to the precipitate. Warm gently 
with aqua regia, till the separated sulphur has lost its black 
color, dilute, filter, and precipitate the hydrate by potash as 
above. 

Cobalt. 

1. As Metal. (For chloride, nitrate, carbonate, &c.) 

2. As Protosesquioxide. (For sesquioxide and nitrate.) 

3. As Sulphate. 

Directly. 

"With previous precipitation as sulphide. 

4. As YELLOW Nitrite op Cobalt and Potassium. 

If A» Metal. 

Ignite in a current of hydrogen, at first gently, then finally 
to intense redness. Continue the ignition till the weight re- 
mains constant. 

a. Am Vrotoseflqulozlde. 

Ignite intensely till the weight remains constant. 
* Ammonia saturated with sulphuretted hydrogen. 
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S. JBLM BulpHate« 

DIBECTLY. 

Add sulphuric acid if necessary^ evaporate to dryness^ and 
heat the residue at gentle redness^ until no more fumes escape 
and the weight remains constant. The salt should be tested 
after weighing, by treating it with warm water, in which it 
should be completely soluble. 

WITH FKEYIOUS PRECIPITATION AS SULPHIDE. 

Put the solution in a flask, add ammonia if necessary till ' 
the solution is neutral or slightly alkaline, then add chloride 
of ammonium and yellow sulphide of ammonium, fill the flask 
with water up to the neck, cork and allow to stand for several 
hours. Wash the precipitate by decantation and finally on the 
filter, using water containing a little sulphide of ammonium. 
Dry, remove as completely as possible to a beaker, incinerate 
the filter, add the ash to the precipitate, treat with aqua regia 
and warm till the separated sulphur is of a pure yellow color, 
dilute, filter, evaporate with sulphuric acid in a porcelain dish 
to dryness, transfer the residue with a little water to a platinum 
dish and ignite as above. 

^ Am Tellow mtrlte of Cobalt and PotaMlnm. 

Mix with a strong solution of nitrite of potassium, and add 
acetic acid in quantity a little more than enough to redissolve 
the precipitate at first produced by the potash or carbonate of 
potassium contained in the nitrite. Then allow to stand for 
twelve hours in a warm place. Collect the precipitate on a 
filter, wash thoroughly with solution of acetate of potassium 
(1 in 10), finally displace the last portion of the acetate with 
alcohol, dry at 100°, and weigh. 

The precipitate may also be ignited with the filter ash, 
moistened with sulphuric acid, ignited and weighed as 2CoSO^-h 

Xroiia 

1. As Ferric Oxide. 

By ignition. (For ferric salts with volatile oxygen acids.) 

By direct precipitation. 

By precipitation as ferric succinate. 

By precipitation as basic ferric acetate or formate. 

H 
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2. As Sulphide. 

Directly. (For ferrous sulphate and ferric oxide.) 
By precipitation. 

3. By standard solution of Pebmanganatb of Potabsiux. 

4. By standard solution of Bichromate of Potassium. 

5. By Iodide of Potassium and standard solution of 
Hyposulphite of Sodium. 

&• A» Verrlo Ozlde, 
BY IGNITION. 

Heat the substance in a covered crucible at first gently, 
finally ignite in the blowpipe flame. 

BY DIRECT precipitation. 

In the presence of dyad iron, boil the acid solution, and add 
strong nitric acid, drop by drop. The nitric acid will at first 
produce a black color, but on continued heating and addition 
of fresh quantities of the acid, the solution will at last suddenly 
turn pale yellowish brown with considerable eflervescence ; 
this is a sign that the last portion of iron has been converted 
into the triad state. 

The iron being all in the triad condition, heat nearly to 
boiling if necessary, add ammonia in excess, wash by decanta- 
tion two or three times, finally transfer the precipitate to the 
filter, complete the washing, dry thoroughly and ignite the 
precipitate with the filter ash. It is well to dissolve the 
weighed precipitate in strong hydrochloric acid, to see wheüier 
it is quite free from silica. 

BY precipitation AS FERRIC SUCCINATE. 

The iron being all in the triad condition, warm the solution 
and add very dilute ammonia, till part of the iron is perma- 
nently precipitated while part remains in solution, giving a 
brownish red color to the fluid. Now add a neutral solution 
of succinate of ammonium in excess, apply a gentle heat, allow 
to cool, and when cold, filter, wash the precipitate first with 
cold water, finally with warm ammonia. The use of the 
ammonia is to remove some of the acid, which might have a 
reducing action when the precipitate is ignited. Finally dry, 
and convert into ferric oxide by ignition. 
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BT PRECIPITATION AS BASIC FEBRIC ACETATE OR FORMATE. 

The iron being all in the triad state^ add ammonia till the 
solution is of a deep red color but remains quite clear^ then add 
acetate of sodium in slight excess^ and boil till on removing 
the lamp the precipitate settles clear. Wash repeatedly by 
boiling and decantation, finally on the filter with boiling water, 
which shoidd contain a little acetate of ammonium, then dry, 
ignite, and weigh. Lastly moisten with nitric acid, evaporate, 
ignite and weigh again. The residue should give no iJkaline 
reaction. 

Formate of sodium may be used instead of the acetate. 

a. Am flnlplilde. 
DIRECTLY. 

Ignite to drive off water, then add sulphur, and ignite in a 
current of hydrogen. The heat should be strong at last, as 
an excess of sulphur is retained with some obstinacy. In fact, 
it is advisable after weighing to reignite in hydrogen and 
weigh again. 

BY PRECIPITATION. 

Mix the solution in a flask with ammonia, till the acid 
reaction is destroyed. This generally leads to the precipitation 
of a little hydrate, which, however, is of no consequence. 
Add chloride of ammonium, if not already present in sufficient 
excess, then sulphide of ammonium in excess, lastly water, till 
the flask is full to the neck. Cork the flask, and stand it in 
a warm place till the supernatant fluid has a clear yellowish 
appearance. Wash the precipitate first by decantation, finally 
on the filter, using water containing a little sulphide of ammo- 
nium. If any of the sulphide becomes oxidized during the 
washing it will give a green color to the filtrate, and the 
latter will deposit on standing a black precipitate, which must 
be collected. 

If a solution of potassio-, sodio-, or ammonio- tartrate of iron 
contains a considerable excess of alkaline carbonate, the pre- 
cipitation is interfered with. In such cases the fluid must 
first be nearly neutralized. 

H 2 
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Dry the precipitate,* and ignite it with some sulphur in a 
current of hydrogen, as above directed. 

Test analyses: -1017 grm. Fe gave -1015 and "1021. 

S. Mj Btaadard BolutiOB of Permaiiffaiuite of >€»f wrfwin. 

{Not to be recommended in presence of hydrochloric acid.) 

When ferrous sulphate is mixed with sulphuric acid and 
permanganate of potassium the following reaction takes place ; — 

KjMnO^ + 4FeS0^ + 4 H^SO^ 
=2Fe3(SOJ3 + KjSO^+MnSO^+4HaO 

The slightest excess of the permanganate is indicated by a 
rose tint. 

Preparation and titration of the standard solution.f 

Dissolve about 10 grm. permanganate of potassium in 1 litre 
of water. 

Weigh oflf accurately about '2 grm. of piano wire, put into a 
small flask, add about 20c.c. dilute sulphuric acid, and an 
equal quantity of water, and then warm gently. When the 
iron is dissolved transfer to a beaker, and make up to say } litre 
with cold water. Add the permanganate from a burette, agitating 
the fluid. The fluid will gradually acquire a yellowish tint 
from the formation of ferric salt. As soon as the least pinkness 
remains the operation is finished. If there is a deficiency of 
acid, the fluid acquires a brown color, turns turbid, and de- 
posits a brown precipitate (binoxide of manganese and ferric 
oxide). The same may happen, too, if the permanganate is 
added too quickly, or the fluid is not properly agitated. Ex- 
periments attended with such abnormal manifestations should 
be rejected. When the operation is quite finished the fluid, 
which is at first distinctly pink, wiU after a time lose its color, 
as a dilute solution of permanganic acid cannot be kept long 
without sufiering decomposition. Finally, read off* the quan- 
tity of permanganate used, and calculate how much iron is 
equivalent to 100 c.c. of the standard solution. 

Repeat the experiment and calculation. The quantities of 

* It will of course oxidize during the drying, but this is of no im- 
portance. 

t Perhaps the standard solution might be prepared by dissolving a 
definite weight of the salt, which can now be obtained in a very pure form. 
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iron found to be equivalent to 100 c.c. of the solution should 
not differ by more than '003. Before marking the value of 
the solution on the bottle it is well to apply a correction by 
multiplying the iron by "997. This rule is based on the 
generally correct assumption that the wire contains '3 per 
cent, of other matter. 

The actual analysis. 

1{ the iron is not all in the dyad state^ it must be reduced 
by treating the acid solution with iron-free zinc. 

If the solution is not sufficiently acid, 20 c.c. of dilute sul- 
phuric acid should be added. 

The permanganate is run into the fluid until a pink tint 
remains. 

%m By- Standara Solution of Biotaromate of VotaJMlanL 

"When a ferrous solution is mixed with hydrochloric acid 
and bichromate of potassium, the following reaction takes 
place : — 

6FeCl3+14HCH-K5jCr207=6FeCl,+2KCH-2CrCl3 + 7Hs,0. 

Standard bichromate of potassium is added till a drop of 
the iron solution ceases to give a blue color with ferricyanide of 
potassium. 

The standard solution is prepared by dissolving 4*92 grm. 
bichromate of potassium to 1 litre. 1 c.c. of this solution = 
•0056 grm. of iron. 

The actual analysis is performed as follows : — If the iron is 
not wholly present in the dyad state, it must be reduced by 
means of zinc. Mix the solution with hydrochloric acid, and 
add the standard solution from a burette ; the fluid, which 
is at first nearly colorless, soon becomes green from the for- 
mation of chromium salt. If there is a deficiency of free acid, 
brown Chromate of chromium may form, upon which the 
ferrous solution has no action. Take out a drop from time to 
time with the point of a rod, and test it on a plate by bringing 
it in contact with a drop of solution of ferricyanide of potas- 
sium. The sensitiveness of the reaction with the ferri- 
cyanide is such that the exact point is easy to hit. When 
the reaction gets faint, 2 or 3 drops of the solution should 
be taken, and the ferricyanide should be allowed a short time 
to act. 
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8. By Jodide of Votaoslmn and Standard Solution of 

of Sodinm. 

When ferric chloride is mixed with iodide of potassiiun, 
iodine is liberated^ which remains dissolved if the iodide of 
potassium is present in sufficient excess. The reaction which 
takes place is as follows : — 

FeCl3 + KI=FeCl,+KCl+L 

The free iodine produced may be titrated hj means of a 
standard solution of hyposulphite of sodium. The action of 
hyposulphite of sodium upon iodine is thus represented : — 

2Na5jS jOg + Ij = 2 Nal + Na^Sp^. 

Preparation and titration of the hyposulphite of sodium 

solution. 

The hyposulphite of sodium is standardized by means of a 
standard solution of bichromate of potassium. A known 
quantity of the latter being mixed with hydrochloric acid and 
excess of iodide of potassium^ we obtain a solution containing 
a known quantity of iodine thus : 

K3CrP7+6KI + 14HCl=I^+8Ka + 2CrCl3 + 7H,0. 

The iodine dissolves in the excess of iodide of potassium. 

Dissolve 4*92 grm. bichromate of potassium to 1 litre ; 
1 c.c. of this solution='0127 grm. iodine ="0056 grm. iron. 

Dissolve about 25 grm. of hyposulphite of sodium to 1 
litre. This solution is about equivalent in strength to the 
above. 

Measure 20 c.c. of the bichromate solution into a beaker^ 
add about 10 c.c. of solution of iodide of potassium (1 in 10) 
and about 5 c.c. of duute hydrochloric acid. Now run in 
the hyposulphite from the burette till the brown color of the 
iodine has almost disappeared^ add a little starch solution 
(1 in 500)j and continue dropping in hyposulphite till the Mue 
color is just replaced by the green of the chromium salt. The 
quantity of hyposulphite used = '112 grm. iron. Calculate 
how much iron is equivalent to 1 c.c. of the hyposulphite. 

The actual analysis. 

If the iron is not wholly present in the triad state, the 
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acidified solution mnst be boiled with a little cUorate of 
potassium^ and the excess of chlorous gas driyen off. 

Neutralize the free acid nearly with potash, transfer to a 
stoppered bottle, and add 10 c.c. of solution of iodide of 
potassium. If a precipitate of iodine is produced^ add more 
iodide of potassium. Insert the stopper and heat the bottle 
in a water-bath for twenty minutes without opening it. 
When cold, add standard hyposulphite, till the fluid is almost 
decolorized, then add starch solution, and finally more hypo- 
.snlphite, till the blue color vanishes. 

Maagraaese. 

1. As Pbotosesquioxidb. 

By precipitation as carbonate. 
By precipitation as hydrate. 
By precipitation as binoxide. 

2. As Sulphide. 

Directly. (For the oxides and sulphate.) 
By precipitation. 

3. By Ferricyanide of Potassium. Volumeteically. 

1. Am Protosesqnlozide. 
BY precipitation AS CARBONATE. 

Heat the solution nearly to boiling, add carbonate of 
sodium gradually till in excess, boil a few minutes, wash the 
precipitate by decantation three times, boiling up each time, 
and finish the washing on the filter. Finally dry and ignite 
in an open platinum crucible over the blowpipe till the weight 
remains constant, care being taken to prevent the access of 
reducing gases. The weighed precipitate should be tested for 
alkali, and also for silica^ by removing from the crucible and 
heating with hydrochloric acid. 

BY PRECIPITATION AS HYDRATE. 

Precipitate with potash, and proceed as above^ 

BY PRECIPITATION AS BINOXIDE. 

The solution should contain but little free acid. Add some 
acetate of sodium, heat to 50^ or 60^, and pass chlorine. 
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Wash the precipitate first by decantation^ then on the filter, 
dry, transfer to a beaker, add the filter ash, heat with hydro- 
chloric acid, filter and precipitate with carbonate of sodium 
as above. It is well to test the filtrate firom the binoxide, by 
adding to it some more acetate of sodium and passing 
chlorine. 

a« Jkm Snlplilde. 
DIRECTLY. 

Ignite with sulphur in a current of hydrogen. Apply at 
first a gentle heat, finally ignite over the blowpipe. 

BY PRECIPITATION. 

Mix the solution in a flask with chloride of ammonium, 
nearly neutralize with ammonia if necessary, add excess of 
sulphide of ammonium, fill up to the neck with water, cork, 
and stand in a warm place till the precipitate has quite settled. 
Wash first by decantation, and then on the filter, using water 
containing sulphide of ammonium. Finally dry and ignite with 
sulphur in a current of hydrogen, as above. 

3. 8j Ferrloyaalde of Votassimn. Volmnetrleallj'. 

If a solution of manganese containing 2 atoms of triad 
iron to 1 atom of manganese is acted on by excess of alkaline 
solution of ferricyanide of potassium at a Doiling heat, all the 
manganese is precipitated as binoxide, while a corresponding 
quantity of ferrocyanide of potassium is formed, which may 
be estimated by standard solution of permanganate of potassium 
(see Hydroferrocyanic Acid Estimation), Mn is equivalent 
to 2K^CygFe. If no ferric salt is present the precipitate 
will contain a small but variable proportion of protoxide of 
manganese. 

Mix with the manganese solution so much ferric chloride 
that you may have at least 2 atoms of iron to 1 of manganese, 
and add the mixture gradually to a boiling solution of fern- 
cyanide of potassium which has been previously rendered 
strongly alkaline with potash. Boil for a short time, transfer 
the whole to a quarter-litre flask ; when cold, fill up to the 
mark with water, shake, and allow to settle. Filter through 
a dry filter, take out 50 c.c. with a pipette, and determine 



ESTIMATION OF HETALS. 105 

the ferrocyanide in this with standard solution of permanga- 
nate of potassium. 

A shght source of error is introduced into this method by 
disregarding the volume of the precipitate. And it should be 
noted that if ferricyanide of potassium is long boiled with 
pure potash a small quantity of ferrocyanide is invariably pro- 
duced ; if the potash contains organic matter this error is in- 
creased. However, the method is accurate enough for some 
purposes. In my laboratory, by employing ^ slight excess of 
ferric solution, 97-9— 10012— 98'21— 9899, and 1004 were 
obtained, instead of 100. The inaccuracy increases on using 
a large excess of the iron. 

Zlno« 

1. As Oxide. 

By ignition. (For carbonate and nitrate.) 
By precipitation as carbonate. (In the absence of 
ammonium salts.) 

2. As Sulphide. 

Directly. (For sulphate, carbonate and oxide.) 
By precipitation. 

1. Am Oxide, 

BY IGNITION. 

Expose the substance in a covered platinum crucible, first 

to a gentle heat^ finally to a most intense heat^ imtil the 

weight remains constant. The action of reducing gases must 
be avoided. 

BY precipitation AS CARBONATE. 

Heat the solution nearly to boilings add carbonate of 
sodium gradually till in excess^ boil a few minutes^ allow to 
subside, decant through a filter, and boil the precipitate three 
times with water, decanting each time ; then transfer the pre- 
cipitate to the filter, wash completely with hot water, dry and 
ignite, taking care to have the filter as clean as possible before 
incinerating it. 

The filtrate should be tested with sulphide of ammonium. 
The weighed precipitate should also be tested with litmus 
paper for i^lkali, and by treating with hydrochloric add for 
silica. 
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a. Am Bnlpblde. 
DIRECTLY. 

Mix the substance with excess of powdered sulphnr, and 
ignite in a current of hydrogen^ raising the heat finallj to 
intense redness. 

BY PRECIPITATION. 

Mix the solution in a flask with chloride of ammoaium, 
then add ammonia^ till the reaction is just alkaline^ and then 
sulphide of ammonium. Fill the flask up to the neck, eork 
it, and allow to stand 12 hours in a warm place ; wash the 
precipitate first by decantation, then on the filter, using water 
containing sulphide of ammonium. Finally dry and ignite 
with sulphur in a current of hydrogen, raising the heat 
gradually to intense redness. 

ChTomiam. 

1. As Oxide. 

By ignition. (For salts with volatile oxygen acids, 

and with organic acids.) 
By precipitation. 

2. As Chromic Acid. 

1. As Oxide. 

BY ignition. 

Ignite in a platinum crucible, gently at first, then over the 
blowpipe till the weight remains constant. 

BY precipitation. 

Boil the solution, and add ammonia slightly in excess, then 
keep nearly boiling until the supernatant fluid is colorless, 
presenting no longer the least shade of red -, wash the precipi- 
tate three times by decantation, and lastly on the filter, dry, 
and ignite cautiously in a covered crucible. 

Zm Am Otaromio Aeld, 

The following methods may be used for the conversion into 
chromic acid : — 

a. Add potash in excess until the precipitate is redissolved. 
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Pass chlorine througli the cold fluid till it acquires a yeUowish 
red color^ then add potash in excess^ eyaporate to dryness^ and 
ignite in a platinum crucible. By the ignition the chlorate of 
potassium formed by the chlorine is converted into chloride. 

b. Fuse some potash in a silver crucible^ and then add the 
perfectly dry substance. As soon as the substance is thoroughly 
moistened by the potash^ add small lumps of fused chlorate of 
potassium. A lively effervescence ensues^ and the mass finally 
becomes yellow and transparent. Loss must be careftdly 
guarded against. 

As regards the estimation of the chromic acid^ see affcei*. 

You may also convert the substance directly into Chromate 

of lead as follows : — Dissolve in potash^ add binoxide of lead^ 

and warm. Filter from the excess of binoxide^ add excess of 

acetic acid^ and collect the precipitated Chromate of lead on a 

filter. 

Alnmlntom« 

As Alumina. 

By ignition. (For salts with volatile acids and with 

organic acids.) 
By precipitation. 



BY ignition. 

Ignite cautiously in a platinum crucible^ finally employing 
the blowpipe. 

BY PRECIPITATION. 

Boil the solution^ add chloride of ammonium^ then ammonia 
in slight excess^ and boil gently till the steam ceases to brown 
turmeric paper. Allow the precipitate to settle, wash it by 
decantation three times, boiling up each time, finally transfer 
to the filter, complete the washing, dry, and ignite. The heat 
applied should be very gentle at first, and the crucible kept 
well covered, to guard against spirting; towards the end the 
heat should be raised to intense redness. 



1. As Sulphate. 

By evaporation. (For salts with volatile acids.) 
By precipitation. 
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2. As Carbonate. 

By ignition. (For salts with organic acids.) 
By precipitation. 

1. As Snlpbate, 

BY EVAPOEATION. 

Add to the solution^ in a platinum dish^ pure sulphuric 
acid slightly in excess^ and evaporate on the water-bath ; expel 
the excess of sulphuric acid by cautious application of heat, 
and ignite the residue. 

BT precipitation. 

The solution must not be very acid. Boil, add dilute sul- 
phuric acid, keep for some time at a temperature near the 
boiling point, and then allow to settle. Wash the precipitate 
by decantation three times, boiling it up each time, complete 
the washing on the filter, dry, and ignite. 

a. Am Carbonate. 
BY IGNITION. 

Heat the salt for some time gently in a covered platinum 
crucible, and then ignite, with the lid off, till the residue is 
white. Moisten the residue with carbonate of ammonium, 
evaporate, ignite gently, and then weigh. 

BY PRECIPITATION. 

Mix the solution with ammonia, add carbonate of ammo- 
nium in slight excess, and let the mixture stand several hours 
in a warm place. Filter, wash the precipitate with water con- 
taining a little ammonia, dry, and ignite. 

The presence of much ammonium salt is injurious, as it 
greatly increases the solubility of the precipitate. 

Strontium. 

1. As Sulphate. 

By evaporation. (For salts with volatile acids.) 
By precipitation. 

2. As Carbonate. 

By ignition. (For salts with organic acids.) 
By precipitation. 
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1« Am Snlpliate. 
BY EVAPORATION. 

Add to the solution^ in a platinum dish^ pure sulphuric acid 
slightly in excess, and evaporate on the water-bath ; expel the 
excess of sulphuric acid hj cautious heating, and ignite the 
residue. 

BY PRECIPITATION. 

The solution must not contain too much hydrochloric or 
nitric acid. 

First method, — Add dilute sulphuric acid in excess, and then 
a volume of alcohol equal to that of the fluid, allow to stand 
twelve hours, and filter; wash the precipitate with diluted 
alcohol, and dry it thoroughly. Lastly, separate the precipi- 
tate as much as possible from the filter, incinerate the latter, 
and ignite. 

Second method. — ^When alcohol cannot be used, the stron- 
tium solution must be precipitated in a tolerably concentrated 
state, and allowed to stand in the cold twenty-four hours. 
The precipitate must be washed with cold water until the 
washings are no longer acid and leave no residue on evapora- 
tion. The precipitate is dried thoroughly, and ignited as 
above. If traces of sulphuric acid remain attached to the 
filter, the latter turns black on drying, and crumbles to pieces. 

A certain loss of substance is unavoidable by this second 
method. The author obtained from 1 grm. of SrCl^ 64*15 
per cent, of SrO (theory, 65*38 per cent.), and from 1 grm. 
SrCOy 68*68 per cent. SrO (theory, 70*07 per cent.). How- 
ever, the error may be rectified by calculating the amount of 
sulphate of strontium dissolved in the filtrate and the wash- 
water, basing the calculation upon the known degree of solu- 
bility of the salt in pure and acidified water. In this way, 
1 grm. SrCOj, gave 69*91 per cent, of SrO (theory, 70*07 per 
cent.). 

a. Am Carbonate. 
BY IGNITION. 

Heat the salt for some time gently in a covered platinum 
crucible, and then ignite with the lid off till the residue is 
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white. Moisten the residue with carbonate of anunoniiun, 
evaporate^ ignite gently^ and weigh. 

BY PRECIPITATION. 

Mix the solution with ammonia, add carbonate of ammcmium 
in slight excess, and let the mixture stand for some lime. 
Filter, wash the precipitate with water containing a little 
ammonia, dry and ignite. 99*82 per cent, of the SrO waa ob- 
tained from 1*8 grm. SrCl,. 

Galolum. 

1. As Lime. 

2. As Sulphate. * 

By evaporation. (For salts with volatile acids.) 
By precipitation. 

8. As Carbonate. 

X» Am Xdme. 

Warm, add oxalate of ammonium, then excess of ammonia, 
allow the precipitate to settle and wash it by decantation ; 
finally, transfer it to a filter and complete the washing. Dry, 
put in a platinum crucible, add the filter ash, press down with 
a glass rod, and finally ignite over the blowpipe for some 
time,* removing the cover occasionally. 

In the presence of phosphoric acid, add ammonia to the 
solution till a precipitate begins to form ; redissolve this with 
a drop of hydrochloric acid, add oxalate of ammonium and 
then acetate of sodium ; allow the precipitate to subside^ and 
proceed as above. 

a. As Bnlpliate. 

BY EVAPORATION. 

Add to the substance, in a platinum dish, pure sulphuric 
acid, expel the excess of acid by cautious heating, and ignite 
the residue. 

BY PRECIPITATION. 

Add dilute sulphuric acid, then a volume of alcohol equal 
to twice the volume of the fluid. Allow to stand for twelve 

* Fifteen minutes' ignition was sufficient for the precipitate from 
1 grm. of Iceland spar. 
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hours^ filter, ivash the precipitate thoroughly with alcohol, dry 
and ignite. 



Mix the solution urith ammonia, add carbonate of ammonium 
in slight excess, and allow to stand several hours in a warm 
place. Filter, wash the precipitate with water containing 
ammonia, dry and ignite it very gently for some time. Pre- 
sence of much ammonium salt is injurious to the precipitation. 

Magüesimn. 

1. As Magnesia. (For chloride, salts with volatile oxygen 

acids, and with organic acids.) 

2. As Sulphate. (For salts with volatile acids.) 

3. As Py&ophosphate. 



Jbr chloride. — Mix in a porcelain crucible with precipitated 
oxide of mercury shaken up with water, evaporate on the 
water-bath, and dry the residue thoroughly. Now cover the 
crucible and ignite, till all the mercury is expelled. The 
operator should be on his guard against inhaling the fumes. 

Far salts with volatile oxygen acids and mth organic 
acids. — Ignite the salt till the acid is expelled. In the case 
of organic salts, the heat must be very cautiously applied at 
first, the lid being on the crucible. 

a. Am Bvlpliate. 

Add excess of sulphuric acid, evaporate to dryness, and 
Ignite with caution; the heat should never be higher than 
moderate redness. 

S« Am Fjropbospliate. 

Mix the solution with chloride of ammonium, and then with 
ammonia in excess. If a precipitate forms on the addition 
of ammonia, add more chloride of ammonium till it is redis- 
solved. Now add phosphate of sodium in excess, and stir 
the mixture without touching the sides of the vessel with the 
rod. Allow to stand for 12 hours without warming, and then 
filter. Wash the precipitate with a mixture of 3 parts of 
water and 1 part of solution of ammonia of *96 s.g. till the 
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urashings only give a slight opalescence on being treated witlt 
excess of nitric acid and a drop of nitrate of silver. Lastly, 
dry the precipitate and ignite it with the filter ash in a plati- 
num crucible. Heat the crucible with the lid on^ gently at 
first, and then expose it to the blowpipe flame. 

Test analyses: — 1 grm. MgSO^ gave 33*47 and 33-43 per 
cent. MgO (theory, 83'38 per cent.) 

Fotassimn. 

1. As Sulphate. 

2. As Nitrate. 

3. As Chloride. 

4. As Chloride of Potassium and Platinum. 

1. As Bnlpbate. 

Treat the substance with sulphuric acid in slight excess, 
evaporate to dryness if necessary, and when it is thoroughly 
dry, ignite. Addition of carbonate of ammonium towards the 
end of the operation will assist the expulsion of the last por- 
tions of sulphuric acid. 

The residue should dissolve to a clear fluid in water^ and 
the solution should be neutral. 



Add excess of nitric acid, dry thoroughly, and heat very 
gently to the fusing point. 

3. Am Obloride. 

Add excess of hydrochloric acid, dry thoroughly, and heat 
in a covered vessel to dull redness ; the application of a much 
stronger heat would cause volatilization. 

ft. Am Cbloride of Potassiuin and yiattnnm» 
FOR SALTS WITH VOLATILE ACIDS. 

Mix the solution with hydrochloric acid, evaporate to dry- 
ness, dissolve in a little water, add chloride of platinum in 
excess, and evaporate nearly to dryness on a water-bath. Mix 
with alcohol, transfer the precipitate to a weighed filter, wash 
with alcohol, and dry at 100^. 
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• 

In the case of small quantities (20 or 30 mgrm.) of preci- 
pitate^ it is better to collect on a small nnweighed filter^ and 
weigh BS platinum. The process is conducted as follows : — 
After washings dry^ and transfer the filter^ with the precipitate 
wrapped up in it^ to a porcelain crucible. Cover the crucible^ 
and let the filter char ^owly; then remove the cover and 
bum off the carbon. Let the crucible cool^ add a very small 
quantity of pure oxalic acid^ and ignite with the cover on, at 
first gently, then, intensely. Finally, wash the residue by de- 
cantation till free fi'om chlorine, dry, and ignite. 

There is generally a trifling loss of substance^ as the double 
salt is not absolutely insoluble, even in strong alcohol. In 
very accurate analyses, therefore, the alcoholic washings should 
be evaporated, with addition of a little chloride of sodium, at 
a temperature not exceeding 75^, nearly to dryness, and the 
residue treated once more with alcohol. A trifling additional 
amount of precipitate will thus be obtained. The use of the 
chloride of sodium is to prevent the decomposition to which 
chloride of platinum is liable upon evaporation in alcoholic 
solution. 

POB SALTS WITH NON-VOLATILE ACIDS. 

Make a concentrated solution of the substance, add some 
hydrochloric acid, and excess of chloride of platinum, mix 
with alcohol, allow to stand twenty-four hours, filter, and 
proceed as above. 



Bodiom. 



1. As Sulphate. 

2. As NlTSATE. 

8. As Chloride. 



1« As talptaato. 



Treat the substance with sulphuric acid in slight excess, 
evaporate to dryness if necessary, dry thoroughly, and ignite. 
Addition of carbonate of ammonium towards the end of the 
operation will assist the expulsion of the last portions of sul- 
phuric acid. 



Add excess of nitric acid, dry thoroughly, and heat very 
gently to the fusing point. 
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a« Mm Obloilde« 

Add excess of hydrochloric acid^ dry thoroughly^ and heat 
in a closed vessel to dull redness. The application of a much 
stronger heat would cause volatilization. 



1. As Chloride of Platinum and Ammonium. 

2. As Ammonia by Alkalimetry, 

By distillation with potash. 

By digestion with lime in the cold. (For urine^ &c.^ 
and generally in the presence of nitrogenous oi^ganic 
bodies which^ when boiled witli potash^ give off am- 
monia.) 

8. By Bromized Chloride of Soda. 

4. By Nessler's Solution. (For very minute quaqtities.) 

X« As Cblorlde of Ammonliiiii and yiatHmm. 

FOR SALTS WITH VOLATILE ACIDS. 

Mix the solution with hydrochloric acid, evaporate to dry- 
ness^ dissolve in a little water, add chloride of platinum in ex- 
cess, and evaporate nearly to dryness on a water-bath. Mix 
with alcohol, and transfer the precipitate to a weighed filter, 
wash with alcohol and dry at 100°, 

In the case of small quantities of precipitate it is better to 
collect on an unweighed filter and weigh as platinum. The 
process is conducted as follows. After washing, dry and transfer 
the filter with the precipitate wrapped up in it to a small 
porcelain crucible. Cover the crucible, and apply a moderate 
heat for some time, then remove the lid and burn off the carbon. 

FOR SALTS WITH NON-VOLATILE ACIDS. 

Make a concentrated solution of the substance, add some 
hydrochloric acid, and excess of chloride of platinum, mix 
with alcohol, allow to stand twenty-four hours, filter and pro- 
ceed as above. 

a. Am Ammonia by AlkaUmatry« 

(For the preparation of standard acid, &c., see Alkalimetry,) 

BY DISTILLATION WITH POTASH. 

The substance is distilled with potash through a Liebig's 
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condenser into a flask containing standard acid. The inferent 
tube of the receiving flask should not reach into the fluids and 
a U tube should be connected with the flask. The U tube 
should contain a small portion of standard acid^ which if 
necessary may be diluted with water till it reaches up to the 
bend. The standard acid should be colored with a few drops 
of tincture of litmus. 

Keep the liquid gently boiling until the drops as they fall 
into the receiver cease to blue the portion of acid with which 
they first come in contact. Then loosen the cork of the dis- 
tilling flask^ allow to stand half an hour^ transfer the contents 
of the receiving flask and U tube to a beaker^ titrate with 
standard alkali^ and thus determine the amount of acid which 
has been neutralized by the ammonia. 

BY DIGESTION IN THE COLD WITH LIME. 

This depends on the fact that if two dishes^ one containing 
free ammonia and the other containing free acid, are confined 
together under a bell jar, the ammonia will pass completely 
into the acid. 

The fluid containing the ammonia, the volume of which 
must not exceed 35 c.c, is put into a shallow flat-bottomed 
vessel 10 or 12 cm. in diameter (a beaker cut off an inch from 
the bottom). In this is placed a tripod made out of glass ix)d, 
which supports a shallow dish containing 10 c.c. of standard 
acid. The whole is placed on a plate of ground glass and 
covered air-tight with a bell jar. 

The bell jar is lifted up on one side as far as required, and 
a sufficient quantity of milk of lime added with a pipette (not 
drawn out at the lower end). The bell jar is then rapidly re- 
placed. After forty-eight hours the bell jar is lifted up, and 
a slip of moist red litmus paper placed in it ; if any bluing is 
observed the operation must be continued. When the ammonia 
is fully absorbed^ the acid is titrated with standard alkali. 

According to Schlösino, forty-eight hours are always suffi- 
cient to expel '1 to 1 grm. of ammonia from 25 to 35 c.c. of 
solution. I can corroborate this statement for quantities up 
to '3 grm. : but I find that quantities above this often require a 

longer time. 

9n My Sromlsed OUoiida of Soda. 

When a strongly alkaUne solution of chloride of soda con- 

I 2 
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taiuing bromine acts on ammonia^ nitrogen is liberated, 

thus: — 

n PI 

We determine the ammonia by titrating the bromized chloride 
of soda^ adding a measured quantity to the substance^ and thai 
estimating the excess. 

Preparation and titration of the standard sobäion. — ^DissolTe 
1 part of carbonate of sodium in 15 parts of water^ cool die 
fluid with ice, saturate it thoroughly with chlorine, keeping it 
cold all the while, and add strong solution of soda (1 in 4) till 
the mixture when rubbed between the fingers makes the skin 
slippery. Before using, add to the quantity required for tiie 
series of experiments bromine in the proportion of 2 to 3 grm. 
to the litre. (50 c.c. of this solution is sufficient to decompose 
fully '2 grm. of chloride of ammonium.) The solution is 
titrated with a solution of arsenite of sodium containing 
4-95 grm. As^Og in 1 litre (1 cc. = -000566 grm. NH^. 
The titration is performed by Penot's chlorimetric process 
(see Chlorimetry). 

The actual analysis, — ^Add to the solution of the substance 
measured quantities of the oxidizing solution till no more 
effervescence takes place, allow to stand ten minutes, dilute 
and run in standard arsenite of sodium until the starch and 
iodide of potassium paper is no longer affected. Deduct the 
c.c. of arsenic solution used from the cc. corresponding to the 
quantity of bromiaed solution added, the remainder represents 
the amount of ammonia. 

ft. Bj ireMler*« Solution. 

If Nessler's solution (a solution of mercuric iodide in 
iodide of potassium and potash) is added to a certam volume 
of fluid containing a very minute unknown quantity of am- 
monia, a certain tint is produced. And the unknown quan- 
tity of ammonia may be determined by imitating this tint 
with a known quantity of ammonia. 

Solutions* 

Standard solution of ammonia (1 c.c. = '1 mgrm. NHj). 
Dissolve '315 grm. chloride of ammonium in 1 litre. 
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Nessler's solution. — ^Take of 

Iodide of potassium .... 3*5 grm. 

Mercuric chloride . . . . 1*6 grm. 

Water 40 c.c. 

Solution of potash . • • • A sufSciency. 

Dissolve the iodide of potassium in 10 c.c. of water. Dissolve 
the mercuric chloride in 30 c.c. of water. Add the latter 
solution to the former gradually^ till a permanent precipitate 
is produced. Then add solution of potash till the fluid measures 
100 c.c.^ and filter. 

Test cylinders. 

These should be of colorless glass, and of equal shape and 
size. The following are convenient measurements: — Bore 
3 em. or slightly less, height 25 cm., diameter of foot 7 cm. 
They should be marked at 100 c.c, and the mark should be at 
the same height in each cylinder. 

The process. 

Put the solution to be tested in one of the cylinders, make 
up to 100 C.C., and stand the cylinder on a porcelain plate ; 
then add li^ c.c. of Nessleb's solution — ^this is conveniently 
measured with an extemporized pipette of glass tube. Observe 
the tint, and then run as many tenths of a c.c. of the standard 
ammonia as you imagine will produce the same tint into 
another cylinder, fill up to 100 c.c, and add 1 J c.c. of Nbsslbk's 
solution. Allow to stand a few minutes before deciding 
whether the tints are equal. K the tints are not equal, of 
course a new experiment must be made. 

In using this test you must be on your guard against am- 
monia in the distilled water. With a solution containing 
more than '1 mgrm. in 100 cc the tint becomes too dark for 
estimation. 

1. As Metal. 

By precipitation as metal. 
By precipitation as cyanide. 
By precipitation as sulphide. 

2. As Chloride of Palladium and Potassium. 
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BT PRECIPITATION AS METAL. 

Mix the solution with formate of sodium, and warm unt3 
no more carbonic acid escapes. . The palladium separates in 
brilliant scales. 

BY PRECIPITATION AS CYANIDE. 

Neutralize nearly with carbonate of sodium, add mercuric 
cyanide, and digest for some time. A yellowish white precipi- 
tate of cyanide of palladium will subside ; from dilute solutions^ 
only after some time. Wash the precipitate, dry and ignite it. 
If the solution contains nitric acid, it should be first evaporated 
with hydrochloric acid to dryness, otherwise the precipitate 
will deflagrate on ignition. 

BY PRECIPITATION AS SULPHIDE. 

Precipitate the acid solution with sulphuretted hydrogen, 
filter, wash with boiling water, roast and ignite over the 
blowpipe. 

a» As Oblorlde of yaUadtum and VotAMii 



Evaporate the solution of the chloride with chloride of 
potassium and nitric acid to dryness, allow to cool, and treat 
with alcohol of -833 s.g. Collect on a weighed filter and dry 
at 100*^. Traces of the precipitate are carried away by the 
alcoholic washings. 

aoid. 

As Metal. 

By ignition. 

By precipitation as metal. 

By precipitation as sulphide. 



BY IGNITION. 



Heat in a covered porcelain crucible, very gently at first, 
finally to redness. 



BY PRECIPITATION AS METAL. 



If the solution contains nitric acid, evaporate to a syrup 
with excess of hydrochloric acid, and take up with water con- 
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taining hydrochloric acid. It sometimes happens that the 
residue does not dissolve to a clear fluids in consequence of the 
partial decomposition of the chloride of gold into protochloride 
and metal ; but this is a matter of no moment. You may 
precipitate with ferrous sulphate^ or^ if you wish to avoid the 
presence of iron in the filtrate^ with oxalic acid. 

Precipitation with ferrous sulphate. — Mix the solution with 
a little hydrochloric acid^ and add a clear solution of ferrous 
sulphate ; maintain it at a gentle heat for a few hours till the 
precipitate has completely subsided; filter, wash, dry and 
ignite. A porcelain dish is more convenient than a beaker for 
precipitating in, as the gold is more readily washed out. 

Precipitation with oxalic acid, — ^The solution should contain 
a moderate but not a very large excess of hydrochloric acid. 
Add oxalate of ammonium or oxaUc add, and stand the vessel 
for two days in a moderately warm place. The gold separates 
in small scales, which are collected on a filter, washed, dried, 
and ignited. If the solution contains alkaline chlorides, it is 
necessary to dilute largely, and allow to stand for a long time, 
in order to effect complete precipitation. 

BT PRECIPITATION AS SULPHIDE. 

Pass sulphuretted hydrogen, filter rapidly without heating, 
wash, dry, and ignite in a porcelain crucible. 



Flatiiiiiiii« 

As Metal. 

By ignition. 

By precipitation as metal. 

By precipitation as chloride of platinum and am- 
monium. 
By precipitation as chloride of platinum and potassium. 
By precipitation as sulphide. 



BY IGNITION. 



Heat in a covered porcelain crucible very gently at first, 
finally to redness. 
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BT PRECIPITATION AS METAL. 

By ferrous sulphate and potash. — ^The protosesqoioxide of 
iron is removed afterwards by addition of hydrochloric acid. 
The reduction is prompt. 

By pure zinc, — ^The excess of zinc is removed by hydro- 
chloric acid. The reduction is prompt. 

By alkaline formates. — ^The reduction is slower and requires 
heat. 

By mercurous nitrate. — ^The brown precipitate on ignition 
leaves the platinum. 

BY PRECIPITATION AS CHLORIDE OF PLATINUM AND AMMONIUM. 

Concentrate if necessary by evaporation, nearly neutralize 
with ammonia, add chloride of ammonium, and then a pretty 
large quantity of alcohol. Allow to stand twenty-four hours, 
collect the precipitate on a filter, wash with alcohol and dry. 
Fold up the filter with the precipitate in it, put it in a porcelain 
crucible, cover the crucible, and heat very gently for some time 
till no more fumes of chloride of ammonium escape ; now 
remove the lid and let the filter bum ; finally ignite intensely. 
In the case of large quantities of the precipitate, in order to 
insure complete decomposition, conduct the final ignition in 
a current of hydrogen, or with addition of oxalic acid. 

A trace of platinum is generally lost, as the precipitate is 
not altogether insoluble in alcohol, and as the chloride of 
ammonium fumes are liable to carry away some of the pre- 
cipitate unless the ignition is very carefully conducted. 

BY PRECIPITATION AS CHLORIDE OF PLATINUM AND POTASSIUM. 

Concentrate if necessary by evaporation, nearly neutralise 
with potash, add chloride of potassium, and then a pretty large 
quantity of alcohol. Allow to stand for twenty-four hours, 
collect the precipitate on a weighed filter, wash with alcohol, 
dry at 100° and weigh. 

Put a portion of the precipitate in a weighed bulb tube, 
and then weigh the tube again to find the quantity of precipitate 
taken. Ignite in a current of hydrogen, until no more hydro- 
chloric acid is given off. Allow to cool, and wash the re- 
duced platinum cautiously by decantation, without removing 
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it from the tube. Finally dry the tube and weigh again. 
Calculate the platinum found onto the whole precipitate. 

The results are more accurate than those obtained by pre- 
cipitating as ammonium salt^ since the latter is more soluble 
in alcohol than the potassium salt^ and loss of substance is 
leas likely to occur in the process of ignition here adopted. 

BY PRECIPITATION AS SULPHIDE. 

Add excess of sulphuretted hydrogen, boil, filter, wash, dry, 
and ignite. 

MoljbdeniaiB. 

1. As BiNOXIDE. 

By ignition in hydrogen. (For molybdic acid, molyb- 

date of ammonium, &c.) 
By previous precipitation with mercurous nitrate. 

(For alkaline solutions.) 

2. As Bisulphide. 

1« Am BlBAsMe. 

BY IGNITION IN HYDBOOEN. 

Ignite in a current of hydrogen tiU the weight remains 
constant. The temperature must not exceed a gentle redness, 
otherwise the binoxide may be partially reduced to metal. In 
the case of molybdate of ammonium, the heat must be very 
low at first, on account of the frothing. 

BY PAEVIOÜS PBECIPITATION WITH MERCUBOUS NITRATE. 

DQute, neutralize with nitric acid, and add neutral solution 
of mercurous nitrate. The yellow precipitate at first appears 
bulky, but after several hours standing it shrinks« Collect on 
a filter and wash with a dilute solution of mercurous nitrate. 
Dry, remove as completely as practicable firom the filter, and 
ignite in a current of hydrogen. 

a. Am 8laiil|dilde. 

The molybdenum is first precipitated as tersulphide, and 
then converted into the bisulphide. 

The precipitation of molybdenum as tersulphide is always a 
difficult operation. If the acid solution is treated with std- 
phuretted hydrogen, warmed and filtered, the filtrate and 
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washings are generally colored; they have therefore to be 
warmed^ and treated with the gas again. 

The precipitation succeeds better when the sulphide of 
molybdenum is dissolved in a rather large excess of sulphide 
of ammonium, and after the fluid has become reddish yellow, 
precipitated with hydrochloric acid. Zenker advise then to 
boil until the sulphuretted hydrogen is expelled^ and to wash 
with hot water at first slightly acidified. 

The tersulphide is collected on a weighed filter and weighed. 
An aliquot part is then gently ignited in a current of hydrogen. 
The bisulphide obtained is then calculated onto the whole of 
the precipitate. 

Vraaliim« 

As Pbotosesqüioxide. 

By ignition. 

By previous precipitation with ammonia« 

Am Vratoseaqnlosldo« 

BY ignition. 

If sulphuric acid is present^ small quantities of carbonate 
of ammonium should be thrown into the crucible towards 
the end. 

BY FBEVIOUS FBECIFITATION WITH AMMONIA. 

K the solution contains uranous salt^ it must first be wanned 
with nitric acid. It is precipitated with ammonia. The 
yellow precipitate^ which consists of uranic oxide combined 
with ammonia^ is washed with dilute chloride of ammonimn^ 
to prevent the washings passing milky. The precipitate is 
dried and ignited in an open crucible for some time. 

If metals of the fourth^ and even of the fifth, group are pre» 
sent, portions of these will be coprecipitated. 

Note. — ^The reduction of the protosesquioxide of uranium 
to the state of protoxide, is an excellent means of ascertaining 
its purity for purposes of control. The reduction is efiected 
by ignition in a current of hydrogen. By intense ignition, 
the property of protoxide of uranium to ignite in the air is 
destroyed. 
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Tttantfiin, 

As Titanic Acid. 

By precipitation with ammonia. 
By boiling the dilute acid solution. 

Am Titanic Aeld. 

BY precipitation WITH AMMONIA» 

Add ammonia in slight excess^ wash the precipitate (which 
resembles alumina) first by decantation, then completely on the 
filter ; dry and ignite. If sulphuric acid was present in the 
solutioui put some carbonate of ammonium into the crucible^ 
after the first ignition^ and reignite. The titanic acid is 
slightly hygroscopic. 

BT BOILING THE DILUTE ACID SOLUTION» 

In the case of sulphuric acid solutions the titanic acid may 
be separated by largely diluting and boiling for a long time^ 
renewing the water which evaporates. The acid thus separated 
is easy to wash. When the precipitate is ignited^ some car- 
bonate of ammonium should be added. 

From dilute hydrochloric acid solutions^ the titanic acid 
separates completely only upon evaporating the fluid to 
dryness. The precipitate must be washed with water contain- 
ing acid. 

Mthlwin« 

1. As Sulphate» 

2. As Carbonate. 

8. As Phosphate. (In presence of alkalies.) 

1. As Svlpliate« 

The substance is ignited with excess of sulphuric acid. As 
there is no acid sulphate^ the excess of sulphuric acid may be 
readily expelled by simple ignition. 

a. Am Cmr'bmnm.t»» 

The carbonate of lithium^ which is difficultly soluble in 
water and fuses at a red heat without suffering decomposition^ 
is well suited for weighing. 
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Sa Am * **^*»«**»***>- 

If the quantity of lithium present is relatively very small, 
the larger portion of the potassium or sodium compounds 
should first be removed by addition of absolute alcohol to the 
most highly concentrated solution of the salts (chlorides, 
bromides, iodides, or nitrates, but not sulphates.) 

Add phosphate of sodium (which must be free from phos- 
phates of the alkaline earthy metals) and enough soda to keep 
the reaction alkaline, and evaporate the mixture to dryness ; 
treat the residue vith a little water, and warm gently to dis- 
solve the soluble salts; add an equal volume o^ ammonia, 
digest at a gentle heat, filter after twelve hours, and wash the 
precipitate with ammonia diluted with an equal bulk of water. 
Evaporate the filtrate and first washings to dryness, and treat 
the residue in the same way as before. If some more pho^ 
phate of lithium is obtained, add this to the principal quantity. 
Finally dry, remove as completely as possible firom the filter, 
and ignite with the filter ash. 

The process gives on the average 99*61 parts for 100 parts 
of lithia. According to my own experience, it appears that 
the filtrate and wash-water must be evaporated in a platinum 
dish not only once, but at least twice — in fact, till a residue is 
obtained which is completely soluble in dilute ammonia. 
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BydroBulphnrlo Add. 

1. As SULFHIDK OF AbS£NIC. 

Directly. (For sulphuretted hydrogen and alkaline 
sulphides free from excess of sulphur.) 

After distillation with hydrochloric acid. (For sul- 
phides which yield all their sulphur as sulphuretted 
hydrogen.) 

2. With Iodine solution. Volumeteically. 
Directly. (For sulphuretted hydrogen.) 
After distillation with hydrochloric acid. (For sul- 
phides which yield all their sulphur as sulphuretted 
hydrogen.) 

8. With standaed solution op Zinc (For sulphide of 
sodium in soda lyes.) 

4. As Sulphate op Baeium. 

By fusion with nitrate of potassium. 
By chlorine in the presence of alkali. 
By nitric or chloric acid. 
By oxide of mercury. 

5. As SuLPHUE. (For alkaline polysulphides.) 

!• Am Bvlpbld« of Arsenle. 

DIEECTLY. 

Mix the solution with an excess of arsenite of sodium^ add 
Lydrochloric acid^ allow the precipitate to settle^ collect it on 
a filter^ dry at 100^ and weigh. In the case of very dilute 
solutions of hydrosulphuric acid^ the results are too low. 

APTEE DISTILLATION WITH HYDEOCHLOEIC ACID. 

Heat in a small flask with hydrochloric acid, pass the evolved 
gas into alkaline solution of arsenite of sodium, and proceed as 
above. 
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a. with Xodlae, SoliittoB. ▼oiuBMtetaaQr^ 

DIRECTLY. 

When hydrosulpliaric acid is brought in contact with iodine 
solution^ the following decomposition takes place : 

Howeyer^ this equation can only be relied on when the flnid 
does not contain more than '04 per cent. H^S (Bünsen). If 
the fluid requires dilution you must use boiled water which 
has been cooled out of contact with air. The iodine solation 
is prepared by dissolving 5 grm. iodine in a little iodide of 
potassium, and making the solution up to 1 litre; it is 
titrated with a standard solution of hyposulphite of sodium, 
the latter being standardized with bidiromate of potassium 
(see Hydriodic Acid Estimation). For sulphuretted mineral 
waters the iodine solution may be diluted 5 times. 

First make a rough determination as follows : Measure out 
a certain quantity of the solution to be examined, dilute if 
necessary, add some starch solution, and run in standard iodine 
solution, with constant agitation, till a permanent blue color 
appears. Then repeat the experiment more accurately by 
adding a measured quantity of the sulphuretted hydrogen solu- 
tion to a measured quantity of the standard iodine in slight 
deficiency, and then finishing with iodine solution. 

If the sulphuretted hydrogen is evolyed in the gaseous state, 
pass it into a measured quantity of the standard iodine^ and 
then titrate back with standard hyposulphite of sodium. 

AFTER DISTILLATION WITH HYDROCHLORIC ACID. 

Heat in a small flask with hydrochloric acid, pass the gas 
into potash, dilute with boiled water, acidify and titrate with 
standard iodine solution. 

S. y/ntb. standard Bolntton of Ub«4 

A standard ammoniacal solution of sulphate of zinc is added 
to the solution under examination until a drop when brought 
in contact with a drop of alkaline solution of lead on filter 
paper, no longer produces a black line. The alkaline solution 
of lead is made by warming together acetate of lead, Roelielle 
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salt and potash. A drop of tliis solution is first placed on 
filter paper^ and then close by a drop of the mixture to be 
tested^ so that the circles formed by the spreading of the two 
fluids may cut each other. It is not a matter of indifference 
which drop is placed first on the filter paper. The least amount 
of unprecipitated sulphur will be exhibited by the black color 
of the portion of the circumference of the lead circle which 
lies within the other circle. 

ft. Am Snlpbate of aarlmn« 
BT FUSION WITH NITRATE OF POTASSIUM. 

Mix the substance with 3 parts of dry carbonate of sodium 
and 4 of nitrate of potassium^*^ in a platinum or porcelain cru- 
cible with the aid of a rounded glass rod^ wipe the rod on some 
carbonate of sodium^ and add this to the mixture. Heat at 
first gently, then to fusion for some time, finally digest with 
water, filteret and determine the sulphuric acid in the filtrate 
as sulphate of barium. 

K the substance loses sulphur on heating, instead of the flux 
giyen above, use 4 parts of carbonate of sodium, 8 parts of 
nitrate of potassium, and 24 parts of pure (and dry) chloride 
of sodium. 

BT CHLORINE IN THE PRESENCE OF ALKALI. 

Heat the substance for several hours with potash (free 
firom sulphuric add), and then pass chlorine into the fluid. 
Filter, acidify the alkaline filtrate, and determine the sulphuric 
acid as sulphate of barium. 

This method is particularly applicable in presence of lead, 
as it is converted in the process into binoxide, which remains 
undissolved. In the presence of sulphide of iron, the ferric 
hydrate first formed will be dissolved by more chlorine in the 
form of ferrate of potassium. As soon, therefore, as the fluid 
commences to acquire a red tint, the transmission of chlorine 
should be discontinued, and the fluid gently heated for a few 
moments with pure sand, to decompose the ferric acid. 

* This cannot be replaced bv the chlorate as has been repeatedly re- 
comiuended, since some snlphiaes cause ezplonions with it, and others are 
not completely decomposed by it. 

f In uie presence of lead, Mfore filtering pass carbonic acid through the 
floid« to precipitate traces of tJie metal which may have dissolvedt 
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It occasionally happens^ more particularly in presence of 
sand^ iron pyrites, oxide of copper, &c., that the process is si- 
tended with impetuous disengagement of oiygen, which ahnest 
completely prevents the oxidizing action of the chlorine. How- 
ever, this accident may be guarded against by ledndng the 
substance to the very finest powder. 

BT NITRIC ACID OR CHLORIC ACID. 

The substance is treated in a flask with the strongest nitric 
acid. If sulphur separates, it may sometimes be dissolved hj 
addition of chlorate of potassium and digestion ; should it not 
yield to this action however, it may save time to abandon the 
experiment at once, and make the determination by some other 
method. Any large excess of nitric acid should be got rid of 
by evaporation. The solution is diluted, and the sulpharic 
acid is determined as sulphate of barium. 

The nitric acid may be replaced by a mixture of solid chlorate 
of potassium and strong hydrochloric acid. In tlus caae 
the action is aided by heat, and the excess of chloriDe is 
boiled off. 

BY OXIDE OF MERCURY. 

This process is described under Orffanic Analysis. 

Bm Am SnlplNir« 

Extract 10 grm. of the substance with boiled water, make 
up the filtrate by washing to 100 c.c. and transfer 10 c.c. 
(=the soluble matter from 1 grm.) to a 50 c.c. burette* with 
glass tap. Now add, shaking the closed burette from time 
to time, a solution of iodine (1 part iodine, 1 part iodide of 
potassium, 5 parts water) till it just ceases to be decoloriied, 
and a portion of the fluid ceases to brown a piece of paper 
which has been saturated with solution of ferrous sulphate and 
dried. Add 10 c.c. bisulphide of carbon, close the burette and 
shake it. Hold the burette for some time inverted, then tun 
it round, and run nearly the whole of the solution of sulphur 
in bisulphide of carbon into a weighed dish, add a freah 
quantity of bisulphide to the burette, mix, run the bisulphide 
again into the dish, and repeat the operation onoe more. 

* The burette need not be graduated at alL 
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Allow the bisulphide to evaporate^ and weigh the residual 
sulphur. 

Bjdroohlorio Aoid. 

1. As Iodine. Volumbtrically. (For free chlorine.) 

2. As Chloride of Silver. 

Gravimetricalljr. 

Volumetrically. With Chromate of potassium. 

3. With Nitrate of Silver and Iodide of Starch. 

Volumetrically. (For very minute quantities^ in the 
absence of much nitrates.) 

4. With Mercuric Nitrate and Urea. Volumetrically, 

(For urine.) 

1. Am Zodlne« XToInmetrlcallj'. (Vor tree Cblortne.) 

The chlorine is passed into or mixed with a solution of 
iodide of potassium (1 in 10)^ whereupon an equivalent of 
iodine is liberated. A sufficient excess of iodide of potassium 
should be present to dissolve the iodine. The iodine is titrated 
with hyposulphite of sodium. (See p. 135.) 

a. Am Chloride of Sllirer. 
6RAVIMETRICALLY. 

Warm the solution (unless it is acid), add nitrate of silver 
and nitric acid, then stir well and continue the application of 
heat till the supernatant fluid is clear. Allow to settle, decant 
the clear fluid through a filter, transfer the precipitate to the 
latter, and wash tiU the washings are no longer rendered 
turbid by hydrochloric acid. Dry the filter, remove the pre- 
cipitate as completely as possible to a porcelain crucible, burn 
the filter, and receive the ash on the lid of the crucible. Treat 
the ash with a drop of nitric acid, warm, add a drop of hydro- 
chloric acid, and dry gently. Finally, ignite the crucible and 
lid till the chloride of silver just begins to fuse. 

To remove the mass of fused salt from the crucible after 
weighing, add a scrap of zinc and a little very dilute sulphuric 
acid. After a short time the chloride will be reduced and will 
lose its hold on the vessel. 
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Silver, mercurous, lead, mercuric, stannic, antimony and 
chromium chlorides require special preliminary treatment« 

Chloride of silver is ignited in a porcelain cracible widi 6 
parts of carbonate of potassium and sodium, until the mass 
commences to agglutinate, and then exhausted with water. 
Or the chloride of silver may be decomposed by digestion with 
pure zinc and dilute sulphuric acid. 

Mercurous chloride is digested with potash solution. 

Chloride of lead is digested with a solution of alkaline 
bicarbonate. 

When a solution of mercuric chloride is mixed with nitrate 
of silver, the precipitate contains mercury. The mercury 
should therefore first be precipitated with sulphuretted hydro- 
gen, and the excess of sulphuretted hydrogen in the filtrate 
decomposed by ferric sulphate. The sulphur is allowed to 
settle and filtered ofiP. 

When stannic chloride is mixed with nitrate of silver, the 
precipitate contains a compound of stannic oxide and oxide of 
silver. The tin should therefore first be precipitated by nitrate 
of ammonium. 

Chloride of antimony should be decomposed like mercuric 
chloride. The separation of basic salt upon addition of water 
may be avoided by addition of tartaric acid. The sulphide of 
antimony should be tested for chlorine. 

The chlorine in the green chloride of chromium is not com- 
pletely precipitated with nitrate of silver. The chromium is 
therefore first precipitated with ammonia. 

To determine combined chlorine in presence of free chlorine, — 
Mix one portion of the substance with sulphurous acid, allow to 
stand, acidify with nitric acid, and determine the total chlorine. 
Estimate the free chlorine in another portion with iodide of 
potassium. The difierence will be the combined chlorine. 

YOLUMETBICALLY. WiTH ChROBCATE OF PoTASSIÜM. 

When a neutral solution of a chloride is mixed with two or 
three drops of solution of yellow Chromate of potassium and 
then titrated with standard silver solution, the first drop of 
silver in excess is indicated by a reddish tint which is perma- 
nent on stirring, and is occasioned by the formation of 
Chromate of silver. 
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Preparation and titration of decinormal silver sohUion. 

Dissolye 18*75 to 18*80 gnn. pure nitrate of silver in 
1100 c.e. water. (This solution is slightly too strong.) Now 
weigh off exactly into four small beakers four portions of pure 
chloride of sodium^ each of '1 to *2 grm. Dissolve each 
portion in 20 or 30 c.c. of water^ and add to each 3 drops of 
solution of yellow Chromate of potassium. 

Take the first beaker and run in the silver solution from a 
burette^ with constant stirrings imtil a permanent reddish tint 
is produced. Repeat the experiment on the second and third 
beakers without throwing away the contents of the first beaker^ 
so that the final tints may be compared. Now reckon how 
many c.c. of silver solution are shown by each experiment to 
correspond to 5*846 grm. chloride of sodium^ take the mean of 
these three numbers^ calculate how much water must be added 
to 1000 c.c. of silver solution so that 1000 c.c. of the mixture 
may equal 5*846 grm. NaCl, and then measure out 1000 c.c. 
of the silver solution, and add this quantity of water to it."*^ 

This solution must now be correct ; however, to make sure, 
we perform another experiment with it. To this end rinse 
the empty burette with a little of the new solution, and test 
the new solution with the fourth portion of salt. The c.c. of 
silver solution used multiplied by •005846 will equal the weight 
of the salt taken. 

The actual analysis. 

Neutralize the solution to be tested if necessary by means 
of nitric acid or carbonate of sodium (it should be rather 
alkaline than acid). Add 3 drops of solution of yellow 
Chromate of potassium and titrate as above. The number of 
c.c. used has only to be multiplied by the equivalent of 
chlorine or of the metallic chloride present, and divided by 
IPOOO, to give the amount of these respectively present. 

* Example. — 5*846 grm. NaCl corresponded in the three experiments to 
993*8, 995-0, 993*0 c.c. respectively of saver solution. Mean 998-9 c.c. If 
therefore we make np 993'9 c.c. to 1000 c.c. (by adding 6'1 c.c. water) the 
solution will be of the decinormal strength. But 993'9 c.c. is difficult to 
measure, so we measured out 1000 c.c. and added (>'14 water in accordance 
with the proportion 

993-9 : 6-1 :: 1000 : 6-14 

The difference between 6*14 and 6*1 is of no practical importance. How- 
ever, this example serves to illustrate the principle. 

K 2 
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3. itnth, «imte of BllTor and Zodlde of 

See p. 71. Add to the solution of the chloride, acidified 
with nitric acid, a slight excess of standard solution of nitrate 
of silyer, warm and filter. Determine the silver in the filtrate 
by standard iodide of starch, and deduct this from the quantity 
of silver originally added. The difference is the quantity of 
silver which has been taken up by the chlorine. 

«• IVtfli Merenrio Xitrate and UtoA. 

Mercuric nitrate produces in solution of urea a white pre- 
cipitate, mercuric chloride produces no precipitate. When a 
solution of a chloride of an alkali metal is mixed with mer- 
curic nitrate, mercuric chloride and nitrate of the alkali metal 
are formed. When, therefore, a solution of a chloride of an 
alkali metal is mixed with urea, and standard mercuric nitrate 
is added, no permanent precipitate is produced till aU the 
chloride of alkali metal has been decomposed by mercuric 
nitrate. 

Preparation of the solutions. 

Solution of urea. Dissolve 4 grm. in 100 c.c. water. 

Solution of mercuric nitrate. This solution must be per- 
fectly firee from other metals. Dissolve 10*8 grm. of pre- 
cipitated mercuric oxide in nitric acid, evaporate to a syrup, 
and dilute to 550 c.c. The solution is standardized as follows : 
Weigh out about *2 grm. chloride of sodium, dissolve in about 
10 c.c. water, add 3 c.c. urea solution, and then the mercuric 
nitrate till a permanent precipitate is formed. A mere opa- 
lescence of the fluid is disregarded, as this proceeds simply 
from a trace of foreign metals ; such an opalescence may be 
readily distinguished from the precipitate by its not being 
increased by a further addition of mercurial solution. 

If the standard solution is intended to examine solutions 
containing a large amount of foreign salts, or an excess of 
urea (urine for instance), then the chloride of sodium solution 
must be mixed with 5 c.c. of a cold saturated solution of 
sulphate of sodium as well as with the urea, before the mer- 
cury solution is added. The reason of this addition is that the 
precipitate is more soluble in pure water than in saline solutions. 

The presence of excess of acid is very injurious to the 
reaction. 
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The actncd analysis. 

In applying the test to urine it will be necessary to have 
another solution. This is made by mixing 1 volume of cold 
saturated solution of nitrate of barium with 2 volumes of cold 
saturated baryta water. This solution is added to the urine 
first, to precipitate the phosphates. 

Mix 40 c.c. of the urine with 20 c.c. of the barium solution, 
filter through a dry filter, take 15 c.c. of the filtrate (=10 c.c. 
urine), neutralize with nitric acid if alkaline, and then titrate 
with mercury solution. 

K jdrobromlo Acid. 

1. As Iodine. (For free bromine.) 

2. As Bromide of Silver. Gravimetrically. 

3. Bt Chlorine. (For small quantities, applicable in pre» 

sence of chlorides.) 
With chloroform. 
Colorimetric method. 

Xm Am Zodliie« (For free Bromine.) 

The bromine is mixed with iodide of potassium solution (1 in 
10), upon which an equivalent of iodine is set free. A suf- 
ficient excess of iodide of potassium shotdd be present to 
dissolve the iodine. The liberated iodine is titrated with 
hyposulphite of sodium (see p. 135). 

a. Am Bromide of Silver. Oravlmetrlealljr. 

The process is the same as for chlorine (p. 129). The re- 
marks on the special cases apply for bromides. 

3« By Clilorliie« 

WITH CHLOROFORM. 

One atom of chlorine added to a bromide liberates the 
bromine, another atom takes it up again. On gradually 
adding standard chlorine water to a bromide, and shaking the 
fluid with a little chloroform, the moment when the last trace 
of free bromine is taken up, is rendered evident by the change 
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of the color of the chloroform from orange or yelloir to 
yellowish. 

Mix the neutral* solution in a stoppered bottle with a large 
drop of chloroform^ and add standard chlorine water till the 
chloroform becomes the proper color on shaking. The burette 
containing the chlorine water should be covered with black 
paper. Considerable practice and skill are required before the 
operator can tell the end-reaction. He will be assisted by 
placing the bottle on white paper and comparing the color of 
the chloroform with that of a dilute solution of yellow Chro- 
mate of potassium of the required color. The strength of the 
chlorine water should depend on the amount of the bromine 
to be determined. The chlorine water is standardized by 
adding excess of iodide of potassium^ and titrating with hypo- 
sulphite of sodium (p. 135.) The results are very approxi- 
mate : e.g., -0180 instead of 0185— -055 instead of -059— -0112 
instead of *0100. If the fluid contains organic substances, 
it is rendered alkaline with caustic soda^ evaporated to dryness, 
ignited in a silver dish, extracted with water^ neutralized 
exactly with hydrochloric acid, and then tested. 

COLORIMETRIC METHOD. 

The bromine is liberated by means of chlorine, and received 
in bisulphide of carbon ; the solution is then imitated by add- 
ing a known quantity of bromine to some more bisulphide, 
and the unknown quantity thus ascertained. It must be re- 
membered that excess of chlorine will decolorize the bromine. 
Every experiment must be repeated several times. Direct 
sunlight must be avoided, and the operation must be conducted 
with expedition. 

Bydriodio Aoid. 

1. With Hyposulphite op Sodium. Volumbteically. 

(For free iodine.) 

2. As Iodide op Silver. Gravimetrically. 

3. As Iodide op Palladium. (In presence of hydrochloric 

and hydrobromic acids.) 

4. With Chlorine water and Bisulphide op Carbon. 

(For minute quantities.) 

5. By distillation with Ferric Chloride. 
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1« Witli Byposiilpliite of Sodlnin. VolumetrioaUj« 

(Vor firee Zodln««) 

When standard hyposulphite of sodium solution is added to 
a solution of free iodine^ the following reaction takes place : — 

2iiBicßPs + 13= 2 Nal + NajSp^. 

The conyersion of the last particle of iodine is evidenced by 
the fluid suddenly becoming colorless. When other substances 
are present which color the fluid, it is necessary to add a little 
starch solution (1 in 500) towards the end of the operation, 
hi order to see when the last trace of free iodine is 
taken up. 

The hyposulphite is standardized by means of a mixture of 
a known quantity of bichromate of potassium with excess of 
hydrochloric acid and iodide of potassium. This mixture is 
equivalent to a definite quantity of pure iodine, thus : — 

K,Cr307+6KI + 14HCl=:Ij-f8KCl-|-2CrCl3+7H20. 

Preparation and titration of the hyposulphite. 

Dissolve exactly 4*92 grm. pure bichromate of potassium to 
1 litre (1 c.c. = '0127 grm. iodine.) 

Dissolve about 25 grm. hyposulphite of sodium to 1 litre. 

Measure out 20 c.c. bichromate solution, and add to it 
10 c.c. (roughly measured) of solution of iodide of potassium 
(1 in 10) and excess of hydrochloric acid ; then run in hypo- 
sulphite till the iodine is nearly all converted ; add some 
starch solution, and continue the titration till the blue color 
is just replaced by the green of the chromium salt. The 
quantity of hyposulphite used ='254 grm. iodine; calculate 
how much iodine 1 c.c. is equivalent to« 

The acttml analysis. 

The iodine should be dissolved in iodide of potassium, and 
then titrated as above with the hyposulphite. 

a. As Zodlde of BllTer. OraTtmetrieallj'. 

The process is the same as for chlorine (p. 129.) It is well 
to precipitate with nitrate of silver before adding excess of 
nitric acid, as free iodine might otherwise be separated. For 
the same reason, in the case of salts insoluble in water, it is 
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better to decompose by boiling with potash^ than to diasolye in 
nitric acid. 

3« Am Xodide of Panadtmii. 

Acidify the solution slightly with hydrochloric add, add 
chloride of palladium^ allow to stand from 24 to 48 hours in 
a warm place^ collect the precipitate on a filter, wash with 
warm water, ignite in a platinum or porcelain crucible, and 
weigh the residuary metal. 

«• IVtth Cblorlae TVater and Blsiilpliide of CariioB. 

On adding an atom of chlorine to a solution of an iodide, 
the iodine is liberated, and on adding 5 more atoms, it is 
taken up again. The moment when all the iodine is fiiUy 
converted into pentachloride is known by shaking with pure 
bisulphide of carbon; it is indicated by the disappearance 
of the purple color. The iodine may be estimated by standard 
chlorine water ; but the best way seems to be to proceed as 
follows : — 

Add to the fluid bisulphide of carbon, then dilute chloiine 
water until the bisulphide is just decolorized. Now add 
excess of iodide of potassium solution ; when 6 atoms of firee 
iodine will be formed. Determine the iodine with hyposul- 
phite, and divide the quantity found by 6. 

a. By dlatlllAtlon wltli Veirlo CUoHAo« 

When an iodide is warmed with acid solution of ferric 
chloride, the following decomposition takes place : — 

FeClg + HI = FeClj + HCl + 1. 

K the mixture is distilled, the whole of the iodine passes over 
with the aqueous vapors. It may be received in iodide of 
potassium, and titrated with hyposulphite of sodium. 

The ferric chloride must be free from chlorine and nitric 
acid. 

Mitrio Aold. 

1. By Ignition. (For certain nitrates of Groups I. II. 

and III.) 

2. Bt Ignition with powdered Quartz. (For nitrates of 

Groups IV. and V.) 
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8. Bt boiling with standard Potash. (Applicable to the 
nitrates of silver and bismuth.) 

4. Bt conyeksion into Nitric Oxide. 

5. By conversion into Ammonia. By means of a Metal 

IN presence of Alkali. 
With zinc and iron. 
With aluminium. 
After Schulze. 
After Chapman. 

1. 87 Xfiiitlaii. 

Certain nitrates^ when ignited alone^ give o£F all the nitric 
acid^ while the pure metallic oxide remains behind. In the 
case of anhydrous substances the loss of weight indicates at 
once the amount of dry acid. 

a« 87 Ignltton witli Vowd«red Q^iarta» 

Puse the nitrate at a low temperature^ pour out into a 
porcelain dish^ powder in a warm mortar^ and transfer to a 
weighing tube. Now put 2 or 8 grm. powdered quartz in a 
platinum crucible^ ignite^ and weigh. Add about 5 grm. of 
the salt and mix well. Cover the crucible^ and expose it to a 
low red heat (just visible by day) for half an hour. The loss 
of weight indicates the quantity of nitric acid. 

Sulphates or chlorides are not decomposed at the tempera- 
ture given ; if a higher heat is applied the latter may volatilize. 

S. My Boiling wlfH Btandard »otMli« 

Boil the nitrate with excess of standard potash, dilute to a 
definite bulk, allow to settle, draw off a portion, and titrate 
back with standard acid. (See Acidimetry.) 

%• Mj Oonrersion into Vltrto Ozltfe« 

When a concentrated solution of a nitrate (or nitrite) is 
agitated with mercury and a large excess of strong sulphuric 
acid, the whole of the nitrogen is evolved as nitric oxide, 
which may be measured. Frankland and Armstrong apply 
this principle to the estimation of the nitrogen in the form of 
nitrates and nitrites in potable waters as follows : 
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Half a litre of tlie water is evaporated nearly to drjness on 
a water-bath. (If nitrites are present^ the half litre is first 
slightly acidified^ mixed with dilate solution of permanganate 
of potassium in sufficient quantity^ and then again rendered 
slightly alkaline.) The residue is treated with a very aligbt 
excess of sulphate of silver^''^ filtered^ and evaporated in a amall 
beaker to 2 or 3 c.c. The fluid is transferred to a 
Fio^. gjj^gg ij^^g ^gg 4j^ previously filled with mercury at 

the mercurial trough. The beaker is rinsed out once 
or twice with a very small volume of recently-boiled 
distilled water^ and finally with pure jstrong sulphuric 
acid^ in somewhat larger volume than that of the con- 
centrated solution and washings previously introduced 
into the tube. By a Uttle dexterity it is easy to in- 
troduce successively the concentrated fluids linsings 
and sulphuric acid into the tube by means of the 
cup and tap^ without the admission of any trace of 
air. Should^ however^ air inadvertently gain admit- 
tance^ it is easily removed by depressing the tube in 
the mercury trough and then momentarily opening 
the tap. If this is done within a minute or two after 
the introduction of the sulphuric acid^ no fear need be 
entertained of the loss of nitric oxide^ as the evolution 
of this gas does not begin until a minute or so after 
the violent agitation of the contents of the tube. 
The acid mixture being thus introduced^ the lower extremity 
of the tube is to be firmly closed by the thumbs and the con- 
tents violently agitated by a simultaneous vertical and lateral 
movement^ in such a manner that there is always an unbroken 
column of mercury^ at least an inch long^ between the acid 
liquid and the thumb. In about a minute a strong pressure 
begins to be felt^ and the mercury spurts out in minute 
streams. The escape of the metal should be gently resisted^ 
so as to maintain a considerable excess of pressure inside the 
tube^ and thus prevent the possibility of air gaining access to 
the interior during shaking. In jfrom three to five minutes 
the reaction is completed^ and the nitric oxide may then be 
transferred to a suitable measuring apparatus, where its volume 
is to be determined over mercury. As half a litre of water is 

* To remove chlorine, which Ib injurious to the prooeas. 
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nsed for the detennination, aod as nitric oxide occupies double 
the Tolume of the nitrogen which it contains, the volume of 
nitric oxide read off expreasea the volume of nitrogen existing 
as nitrates and nitrites in 1 litre of the water. 

With regard to the influence of organic matter, it has heen 
ascertained that one acid, hippuric acid, urea and creatiu 
when agitated with strong snlphuric acid and mercury give no 
trace of gas. 



WITH BINC AND lEOV. 

After Sietoert. 

The apparatus consists of a flask of 300-850 cc, 
with evolution tube leading to the flasks represented in 
the figure. The flasks hold about 150 or 200 c.c. each ; 
they contain standard acid. 
For 1 grm. nitre 4 grm. iron 
filings, 10 grm. zinc filings, 
16 grm. caustic potash, and 
100 C.C. alcohol (a.g. -825) 
are required. After the ap- 
paratus has been put together, 
the disengagement of gas may 
be allowed to go on in the 
cold, or it may be assisted 
from the flrst by a small flame. ■ 
After the lapse of half-an- 
hour the ammonia formed be- 
gins to pass over in proportion as the alcohol distils off. 
As soon as the latter is fully removed irom the evolution flask, 
heat is applied with great caution — ^to drive out the last 
traces of ammonia — till steam appears in the evolution tube, 
or 10-15 C.C. alcohol are rapidly introduced once or twice 
into the evolution flask and distilled off. 

WITH ALUMINIUM. 

A/ler Schulze. 

In this case a weighed quantity of aluminium is taken, 
which yields with atkaU a known volume of hydrogen, and the 
quantity of nitric acid present ia calculated from the deficiency 
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in the hydrt^en evolved. The procesa must go on alowlj. 
The presence of organic matter exercises no injurious influence. 
A small quantity of nitric acid gives lise to a relatively Uige 
deßciency in the volume of the hydrogen. 

The flask A (fig. 6} holds about 50 c.c, into ito nedc the 



tube B, which is expanded above into a bulb, is ground air- 
tight; the glass rod c is ground into the lower opening of B, 
and closes it completely ; this rod passes through the cork d, 
and is long enough to enable the operator to introduce fluid 
into B by means of a pipette, when the cork is raised to the 
top. The tube C, divided into -^ cc, serves to measure the 
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gas ; it is connected by means of the flexible tube /, with the 
plain tube D, which is of similar width.* The tubulure / is 
provided with a tap^ as shown in the drawing. The upper 
opening of (7 is connected by the india-rubber tube k with a 
tube of small calibre^ and the latter again with the tube h, 
which is fitted with a cork into the tubulure a. 

To perform a series of experiments, a rather large quantity 
of aluminium filings will be required. Any particles of steel 
should be removed from the same by the magnet. The first 
thing is to determine the weight of hydrogen yielded by a 
weighed quantity of this aluminium powder on its solution in 
potash. This preliminary experiment is absolutely indispen- 
sable, as each kind of aluminium behaves differently in this 
respect. Introduce into A an exactly weighed quantity of 
aluminium powder, about '075 grm., and add some water. 
Introduce into B exactly 5 c.c. potash solution, and join A 
and B as represented. Now pour water into D till it stands 
exactly at the upper mark in C — f.e., the zero — and connect 
A with the measuring apparatus by inserting the tube h into 
the caoutchouc tube p. Having again satisfied yourself that 
the water in C and D is at the same height, and in C stands 
at zero, note the temperature of the room and place ^ in a 
beaker with water of the same degree. Now allow water to 
run out at n till the surface of the fluid in D stands exactly at 
a certain mark, say at 30 c.c, and in C has sunk to about the 
mark 1. If after some time both levels have remained un- 
changed, and you are therefore convinced that the apparatus 
is air-tight, raise the glass-rod c slightly, allowing the potash 
in £ to flow into A. As, on account of the lower level in i>, 
the air in A is under less pressure than the air in B or the 
free atmosphere, care must be taken that the opening at e is 
closed, the moment that the fluid in B has almost run out and 
just enough remains to prevent free communication between 
A and B. The volume of the fluid originally introduced into 
B (according to the above, 5 c.c.) is subsequently to be de- 
ducted firom that of the gas in C, In proportion as the 
aluminium dissolves, and hydrogen is evolved, the level in C 
sinks, while the column of water in D rises and renders it 

* Bautznberg suggests to place the tubes C and D in a cylinder filled 
with water, which enables the operator to regulate and determine the tem- 
perature of the gas on measuring, more conveniently. 
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necessary to draw off water at n, in order that both leyek may 
remain about the same, ^lien the evolution of gas in ^ has 
ceased^ and you have satisfied yourself that the temperature of 
the water in which A stands, and also of the air, is the same 
as at the beginning, bring the water in i> to the same level as 
that in C, so that the tension of the gas in A and C may cor- 
respond eiiactly to the atmospheric pressure, as before the 
beginning of the experiment, and then read off the height of 
the fluid in C The number so observed, nwms the c.c of 
fluid which flowed from B into A, expresses the c.c. hydrogen 
evolved by the solution of the aluminium, under the existing 
circumstances of atmospheric pressure, temperature^ and ten- 
sion of aqueous vapor. 

Schulze found in one case that 1 grm. of dry hydrogen was 
yielded by 10*5042 grm. of the aluminium. Now N^O. cor- 
responds to Hj^ therefore 16 x 10-5042= 1680672 grm. of the 
aluminium corresponded to 108 grm. dry nitric acid. 

We will now suppose that the exact value of the aluminium 
for our purpose being known, we are about, on some other 
occasion, to make a nitric acid determination with its aid. 
Begin by calculating how many c.c. hydrogen is yielded by a 
definite weight of aluminium, say '050 grm. for this particular 
day — i.e., the existing temperature and pressure. I may re- 
mark in passing that it is taken for granted that these remain 
constant throughout the process; a room should be chosen 
which is not liable to variations of temperature. Let us 
suppose, under the circumstances obtaining, 58*4 c.c. hydrogen 
correspond to '050 grm. aluminium. Introduce the fluid to 
be analysed into the flask A, add a weighed quantity of 
aluminium powder (at least 2 parts to 1 of nitric acid), arrange 
the apparatus as above directed, and allow the potash at first 
to flow only drop by drop into A. The solution of the alu- 
minium must be so conducted that a scarcely visible evolution 
of hydrogen may be kept up for at least an hour, and the 
whole process should take 3 (»r 4 hours. Convince yourself 
that the pressure and temperature are the same as at the be» 
ginning, and read off. 

Let us take one of Schulzens experiments as an illustration. 

*15 grm. of the aluminium powder of the value above 
given, and a known quantity of nitrate of potassium were em« 
ployed, 95*6 c.c. hydrogen were obtained. How much nitric 
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acid was present ? *15 grm. aluminium would have evolved 
3 X 58*4= 175-2 c.c. hydrogen, but we have only obtained 
95*6 cc. : therefore the deficiency is 79*6 c.c, which according 
to the proportion 

58-4 : 79-6 : : 060 :x a?= 06815 

corresponds to '06815 aluminium, which, according to the 
proportion 

1680672 : 108 : : -06815 : x af=0438 

corresponds to '0438 nitric acid. 

The amount of nitrate of potassium actually employed was 
•083 grm., which contains theoretically '0443 N^Oj. 

After Chapman. 

In this case an unweighed quantity of aluminium is taken, 
and it is allowed to act in the cold on the solution, which is 
rendered strongly alkaline with potash. The ammonia is then 
distilled off, and estimated. 

Oblorio Aoid. 

1. As Iodine. 

2. As Chlorine. 

1« JkM ZoOlae«. 

Mix the solution with excess of iodide of potasssium and 
hydrochloric acid, and titrate the liberated iodine with hypo« 
sulphite of sodium (p. 135). 

Cl3O5 + 10HCl+12KI=12KCl + 5H,O + Iij. 

a* Am CAaloiine* 

To the concentrated solution add zinc and dilute sulphuric 
acid, and allow to stand for some time (for '1 grm. chlorate of 
potassium half-an-hour is enough). Filter and estimate the 
chlorine with nitrate of silver (p. 129). 

Boraole Aoid« 

[The determination of the boracic acid in an aqueous or 
alcoholic solution cannot be effected by simply evaporating the 
fluid and weighing the residue, as a notable portion of the acid 
volatilizes and is carried off with the aqueous or alcoholic 
vapor. This is the case also when the solution is evaporated 
with oxide of lead in excess.] 
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Some borates require to be decomposed by boiling or fusing 
witb potash or carbonate of potassium. Others may require 
decomposition by sulphuretted hydrogen or sulphide of am- 
monium. 

The acid is estimated. 

1. Indirectly. 

With carbonate of sodium. (For pure boracic acid.) 

With hydrochloric acid. 

With sulphuric acid and hydrochloric acid. 

With magnesia. (In presence of alkalies.) 

2. As BoROFLUORiDE OF PoTASsiUM. (In preseuce of 

alkalies.) 

X. Xndlreetljr. 

WITH CARBONATE OF SODIUM. 

Mix with a weighed quantity of carbonate of sodium^ in 
amount about 1^ the supposed quantity of boracic acid pre- 
sent. Evaporate to complete dryness, transfer in small por- 
tions to a red-hot crucible^ fuse and weigh. The residue 
contains a known quantity of soda^ and unknown quantities 
of carbonic and boracic acids. Determine the carbonic acid, 
and find the boracic acid from the difference. 

If between 1 and 2 atoms of carbonate of sodium are used 
to I atom of boracic acid^ all the carbonic acid is expelled 
by the boracic acid. Hence we have only to deduct the soda 
from the residue^ and the remainder is the boracic acid. 

WITH HYDROCHLORIC ACID. 

Dissolve a weighed quantity of the borate in water^ add 
excess of hydrochloric acid^ and evaporate on a water-baÖL 
When nearly dry, add a little more hydrochloric acid, and 
keep the residue on the water-bath, until no more fames 
escape. Estimate the chlorine in the residue, calculate from 
this the base, and you will find the boracic acid from the 
difference. 

WITH SULPHURIC ACID AND HYDROFLUORIC ACID. 

Digest the finely-powdered substance in a platinum dish^ 
with hydrofluoric acid, then add pure strong sulphuric acid, and 
heat at first gently, then more strongly untu the excess of 
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sulpbnric acid is expelled. The boracic acid goes off in the form 
of fluoride of boron. The base remains as sulphate ; estimate 
the base^ and find the boracic acid from the difference. 

WITH MAGNESIA. 

Neutralize the solution with hydrochloric acid, add double 
chloride of magnesium and ammonium in such quantity that 
1 part of boracic acid may have at least 2 parts of magnesia, 
then add ammonia (no precipitate should be formed) and 
evaporate to dryness. The evaporation sliould be completed 
in a platinum dish, a few drops of ammonia being added firom 
time to time. Ignite, treat with boiling water, collect the in- 
soluble precipitate (borate of magnesia 4- magnesia) on a filter, 
and wash till the washings remain clear with nitrate of silver. 
To the filtrate and washings add ammonia, evaporate the fluid 
to dryness, ignite and wash with boiling water as before. 

Mix the two insoluble residues together, and ignite them 
intensely in the platinum dish for some time, to decompose 
the small quantity of chloride of magnesium which may be 
present. Finally weigh, estimate the magnesia and find the 
boracic acid from the difference. The magnesia may be esti- 
mated by dissolving in hydrochloric acid and precipitating 
as phosphate of magnesium and ammonium, or by dissolving 
in a known quantity of standard sulphuric acid at a boiling 
temperature, and titrating back with standard alkali. 

Mabignac obtained in two experiments, -276 instead of '280. 

a. Am Borollnoride of PotaMlnm. 

In presence of large quantities of alkaline salts, before pro- 
ceeding make the fluid alkaline with potash, evaporate to dry- 
ness, extract the residue with alcohol and some hydrochloric 
acid, add potash to strongly alkaline reaction, and then distil 
off the spirit. 

Mix the fluid with potash, adding at least 1 atom to 1 atom 
of boracic acid, add pure hydrofluoric acid (free from silicic 
acid) in excess, and evaporate in a platinum dish on the water 
bath to dryness. The fiimes from the evaporating fluid should 
redden litmus paper, otherwise there is a deficiency of hydro- 
fluoric acid. The residue consists now of borofluoride of potas- 
sium (KBFJ, and fluoride of potassium and hydrogen (KHF^). 

h 
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Treat the dry mass at the common temperature with acetate 
of potassium solution (1 in 4), allow to stand a few hours, 
with frequent stirrings then decant the fluid onto a weighed 
filter^ and wash the precipitate, first by decantation and then 
on the filter, with acetate of potassium, until the washings 
are no longer precipitated by chloride of calcium. In this 
manner, all the fluoride of hydrogen and potassium is re- 
moved, without any of the borofluoride of potassium being 
dissolved. Finally, wash the precipitate with alcobol of 
•85 s.g., dry at 100°, and weigh. 

Chloride, nitrate, and phosphate of potassium, and salts of 
sodiiyn, dissolve in acetate of potassium. Sulphate of potas- 
sium dissolves with some difficulty. Salts of sodium, how- 
ever, must not be present in large quantity, as fluoride of 
sodium is only soluble with great difficulty. Stromeyzh's 
test-analyses gave from 97*5 to 100'7 instead of 100. 

As the borofluoride of potassium is very likely to contain 
silicofluoride of potassium, it is indispensable to test it for this 
substance. This is done by placing a portion on moist litmus 
paper, and another portion in cold strong sulphuric acid. K 
the paper is reddened, and the acid produces efiervescence, 
silicofluoride of potassium is present. To remove it, dissolve 
the remainder of the salt, after weighing it, in boiling water, 
add ammonia, and evaporate; redissolve in boiling water^ add 
ammonia, &c., repeating the operation several times. FinaDy, 
after warming once more with ammonia, filter off the silicic 
acid, evaporate to dryness, and treat again with acetate of 
potassium and alcohol. 

Carbonic Acid. 

1. Bx STANDARD LiME Water. (For vcry weak solutions.) 

2. By loss of Weight. 

On ignition. 

On fusion with borax. 

On treatment with acids. 

3. By collection in weighed Absorption-tube, 

4. By measurement of the Gas. 

1. By StanOard Ume ivater. 

The carbonic acid water is mixed with a measured quantity 
of standard lime. water in excess. After the carbonate of cal- 
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cium has completely separated^ the excess oi lime is deter- 
mined in an aliquot part by standard acid; the difference 
gives the lime precipitated by the carbonic acid^ and conse- 
quently the amount of the latter. 

If a water contains only free carbonic acid^ you have only 
to bear in mind that the carbonate of calcium formed is at 
firsts as long as it remains amorphous^ very perceptibly soluble 
in water^ to which it communicates an alkaline reaction. 
Hence the unprecipitated lime cannot be determined till the 
carbonate of calcium has separated in the crystalline form : 
this takes eight or ten hours^ unless the mixture is warmed to 
70° or 80°. 

In the presence of an alkaline carbonate^ or any other alka- 
line salt whose acid would be precipitated by lime, chloride of 
calcium must first be added. This addition, too, prevents any 
inconvenience arising from the presence of free alkali in the 
lime-water, or of carbonate of magnesium in the carbonic acid 
water ; this inconvenience consists in the fact that oxalate of 
an alkali-metal, or of magnesium, decomposes carbonate of 
calcium (which is never entirely absent), forming oxalate of 
calcium and carbonate of the alkali-metal, or of magnesium, 
which latter will of course again take up oxalic acid. 

In the presence of magnesium, in order to prevent its pre- 
cipitation, a little chloride of ammonium must also be added ; 
but in this case heat must not be applied to hasten the sepa- 
ration of the carbonate of calcium, as ammonia would be 
expelled. 

Preparation of the solutions. — The standard acid is prepared 
by dissolving 2*8636 grm. pure ciystallized oxalic acid to 1 
litre ; 1 c.c. = -001 grm. COg. The lime water is stan- 
dardized as follows : — Measure 45 c.c. into a little flask which 
can be closed by the thumb, and then run in the oxalic add, 
gently shaking the flask occasionally, and testing by applying 
a drop with a rod to a slip of turmeric paper. The first ex« 
periment is a rough one ; the second should be exact. 

The actual determination, say in spring water. — ^Transfer 
100 c.c. of the water to a dry flask, add 3 c.c. of a strong 
solution of chloride of calcium and 2 c.c. of a saturated solu- 
tion of chloride of ammonium, then 45 c.c. of the standard 
lime water ; close the flask with an india-rubber cork, shake, 
and allow to stand twelve hours. The fluid contents of the 

L 2 



148 ESTIMATION. 

flask measure consequently 150 c.c. From the clear fluid take 
out hj means of a pipette two portions of 50 c.c. each, and 
determine the free lime by means of oxalic acid, in the first 
portion approximately, in the second exactly. Multiply the 
c.c. used in the last experiment by 3 and deduct the product 
from the c,c. of oxalic acid which correspond to 45 c.c. of lime- 
water. The difference shows the lime precipitated by car- 
bonic acid, each c.c. corresponding to 1 mgrm. carbonic acid. 

S. Mj &DU or "WalKtat. 

ON lOMTION. 

Ignite in a crucible. The loss of weight gives the carbonic 
acid. 

ON rUSION WITH BORAX. 

Fuse some vitrified borax in a weighed platinum crucible 
and weigh, then add the substance (about J the quantity of 
the borax), and weigh again ; heat to redness, and keep at 
that temperature till the mass fuses calmly. The loss of 
weight is carbonic acid. 

Borax may be kept in a state of fusion at a red heat for 
half an hour without losing weight, but at a white heat (over 
the blowpipe) it suffers a decided loas even in a few minutes. 

ON TBEATUBNI WITH ACIDS. 

With »ulphuric acid : 

The simplest apparatus used for this purpose is figured 

below. The size of the flasks de- 
Pia.7. , , . - . 

pends on the capacity of the 

balance. A contains water, B con- 
tains strong sulphuric acid. The 
tube a is closed at b with a little 
piece of india-rubber tube stopped 
with half an inch of glass rod. 
Weigh the substance into A, then 
weigh the apparatus. Suck out a 
few bubbles of air at d by the aid 
of an india-rubber tube, this will 
cause the sulphuric acid to rise 
in c. The height of the acid is 
watched for a little while, to see 
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whether the apparatus is air-tight. Suck more air out at d, 
when some of the sulphuric acid will flow into A ; carbonic acid 
will be liberated, and will escape at d, being dried in its passage 
through B. Continue to decompose the carbonate cautiously, 
and then cause some more sulphuric acid to pass into A, so 
that the contents of that flask ja&j be well heated, and the 
carbonic acid may be completely expelled irom the solution ; 
remove the stopper at b, and suck air through d, till the taste 
of carbonic acid is do longer perceptible ; finally, allow to cool, 
and weigh. The loss of weight represents the (juantity of 
carbonic acid. 

In the presence of sulphites or sulphides, add bichromate of 
potassium to A. 

In the presence of chlorides the escape of hydrochloric acid 
may be prevented by the use of a U tube, filled with pumice, 
which has been previously saturated with a strong solu- 
tion of sulphate of copper, and heated till the salt is 
dehydrated. 

The above apparatus may be conveniently replaced by one 
of blown glass (fig. 8) ; a contains water, 
and b sulphuric acid, e is a glass tap, d is ^"'' ^■ 

stopped with a piece of india-rubber tubing 
containing a glass rod. Place the car- 
bonate in a with water, and weigh the 
apparatus. Then turn the tap e, and 
allow some of the sulphuric acid to flow 
down. When the carbonate is fully de- 
composed, boil the fluid in a, then re- 
move the stopper at d, and suck air 
through a Sexible tube at c. Finally, 
weigh the apparatus. 

IFith ailric acid : 

The simplest apparatus, perhaps, that 
can be used is shown in fig. 9 ; b contains 
nitric acid, and c sulphuric acid. Place the carbonate in a 
with water, weigh the apparatus, release the clip d, and suck 
a little at e, to cause the nitric acid to flow into a. When 
the decomposition is finished, boil, draw air through «, and 
weigh. 

The apparatus, fig. 9, may be conveniently replaced by the 
following one [fig. 10) of blown glass : b contains nitric add, 
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and c sulphuric acid^ d is a. glass tap. Put the carbonate in a 
with water^ turn the tap d, and allow some nitric acid to enter 
a ; the carbonic acid will escape at /. When the substance is 



Fia. 9. 



Fig. 10. 





fully decomposed^ boil the fluid in a. Finally^ attach a 
flexible tube to fy draw air through the apparatus^ and weigh. 

S. 8x CoUeotlaii la an Absorptioa Tab«. 

If the carbonic acid is in solution^ it must first be preci- 
pitated in combination with lime^ as follows: — Into a flask 
holding about 800 c.c.^ and provided with a good india-rubber 
cork^ put 2 to 3 grm. hydrate of calcium perfectly finee firom 
carbonate,* tare or weigh exactly, add the carbonic acid water, 
cork immediately, and weigh again. (If the water is mea- 
sured with a plunging syphon, of course this mode of ascer- 
taining the amount of water employed is superfluous.) Heat 
the contents of the flask for some time in a water bath (raising 
the cork every now and then) to hasten the conversion of the 
amorphous carbonate of calcium into the crystalline, pour off 
the clear fluid as completely as possible without disturbing the 
precipitate, through a small ribbed filter, and then, without 

* ThiB is prepared by slaking freshlj burnt lime with water in such a 
manner that the hydrate obtained appears drj and pulverulent. Should 
it contain carbonic acid (as may be seen by putting a portion into hydro- 
chloric acid), it is ignited in a current of air free from carbonic acid in a 
tube of difficultly fusible glass, placed in a combustion furnace. 



ESTIMATION OP ACIDS. 151 

washing, throw the filter into the flask containing the precipi- 
tate and the rest of the änid. 

The apparatus used in the estimation of the carbonic acid is 
represented below. 

FlQ. 11. 




a contains soda-lime ; it can be attached to b with a cork. 
Ö is provided with a glass tap. The flask c has a capacity of 
200 G.c. ä contains sulphuric acid, e contains pumice satu- 
rated with sulphuric acid. / contains pumice which has been 
saturated with solution of sulphate of copper, and then heated 
strongly till all the water has been expelled, ff contains soda- 
lime and, h Bulphuric acid on pumice. The pumice used in 
this apparatua should be previously heated with strong sul- 
phuric acid, washed and dried, as it is liable to contain chlorides 
and fluorides. The loose sulphuric acid in the U tubes should 
not rise above the bend when at rest. 

The carbonate is decomposed in c. d and e serve to dry the 
gas, and/serves to remove any hydrochloric acid which it may 
carry over, g and h together form an excellent apparatus for 
collecting the carbonic acid, g may be 15 cm. high. This 
last apparatus, g h, was used by A. H. Elliott in the estima< 
tion of the carbon in cast iron. 

Weigh the compound soda-lime tube g h. Transfer the car- 
bonate to c, and attach it to the rest of the apparatus, turn off 
the tap on b, and fill the bulb with hydrochloric acid by the 
aid of a fonnel, then open the tap, attach a flexible tube to 
the exit of h, and snck so aa to cause the acid to enter the 
fiask. Close the tap and heat gently. Introduce more acid 
if necessary. Finally, rinse the funnel-tube with hot water, 
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heat to boiling, boil for one minute, then open the tap on i, 
remove the lamp, attach a to b, connect the exit of h with an 
aspirator, and draw air through the apparatus. Finally, weigh 
ff k again. 

«. By HtoanvvnUBt of th« Om.* 

The apparatus employed is represented by fig, 12- A con- 
tains the carbouate to be decomposed. The decomposition is 



* " Anleitung zur Gebrancbe des ApparateH Enr Beatinuaaug des kohlen- 
Banren Kallterde in der Knochenkohle, Ac," von Dr. C. Scheibler, Berlin, 
1862, 
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effected by raising the bottle^ as shown^ and thus causing the 
hydrochloric acid in the gutta-percha tube S to run out. The 
glass stopper to ^ is well ground^ and also greased ; it is per- 
forated through the middle and a short glass tube is cemented 
into the opening. The liberated carbonic acid passes through 
this^ the india-rubber tube r and a glass tube cemented into 
one of the perforations of the stopper of the bottle B, and 
finally enters the bladder K, which is made of caoutchouc of 
the thickness of letter paper^ and is connected air-tight with 
the glass tube communicating with A, Another hole in the 
stopper of B is closed with a clip^ and the middle hole is con- 
nected with the glass tube u. The latter leads to the mea- 
suring apparatus. This consists of the graduated glass tube 
C, of 150 c.c. capacity^ and divided into J c.c. ; it is connected, 
as shown in the figure, with the equally wide plain tube 2). 
In the caoutchouc stopper at the lower end of the latter there 
is a second short glass tube, this is connected by means of the 
india-rubber tube closed by P, with a glass tube, which is 
cemented into the bottle E, and reaches nearly to the bottom. 
A short glass tube bearing the flexible tube v is cemented into 
the second tubulure of the bottle E. This bottle is the reser- 
voir of water : if P is opened, the water contained in the tubes 
D and C flows down into E ; if you now blow into r, P being 
still open, the water in E rises into the tubes. E is at the 
beginning nearly filled with distilled water through D. 

All the parts of the apparatus, with the exception of the 
decomposing bottle A, remain permanently connected; it is 
therefore advisable to fix them to the wooden stand by metal 
fastenings. The stand should also carry a thermometer. 

Each experiment is commenced by filling the tubes C and 
D to zero with water. This is done by blowing in at r, the 
stopper of A being removed. As soon as the column of 
water stands a little above zero, close P, and then slightly 
opening it again, allow water to drop out till the object is at- 
tained. It is hardly necessary to mention that the blowing 
air into v and the handling of the clip require caution, for 
if the water were to pass through u into B, the whole appa- 
ratus would have to be taken to pieces and the water removed. 
While the tube C is filling with water, the expelled air passes 
into B, and compresses the caoutchouc bladder. If this does 
not take place to a sufficient extent, blow cautiously into B at 
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q, till the bladder is completely collapsed. In experiments 
that follow upon one another^ the bladder always empties itself. 
Should it happen that the bladder is on any occasion empty, 
before the water in the tubes has reached zero^ then the water 
in the tubes would not stand in equilibrium. In such case 
open q for a moment. The experiment should be made in a 
room in which the temperature is as constant as possible, and 
care should be taken that the apparatus is not exposed to the 
direct action of the sun, or the radiant heat of a stove, for 
sudden changes of temperature during the experiment would 
of course interfere with its accuracy. 

Put the very finely powdered portion of carbonate into the 
perfectly dry decomposing glass A, fill the gutta-percha tube 
with 10 c.c. hydrochloric acid of 1*12 s.g., place the tube 
cautiously in the decomposing glass, and then close the bottle 
with the well-tallowed stopper. Here the water will sink a 
little in C and rise in D ; open q for a moment, and the equi- 
librium will be restored. Now note the thermometer and 
barometer, grasp the bottle with the right hand round the 
neck to avoid warming, raise it, incline it slightly so that the 
hydrochloric acid may mix with the substance gradually, and 
at the same time with the left hand regulate P, so that the 
water in the two tubes may be kept at exactly the same height; 
continue these operations without intermission till the level of 
the water in C does not change for a few seconds. Now bring 
the columns in C and D to exactly the same height, read off 
the height of the water and note whether the temperature has 
remained constant. If it has, the number of c.c. read off in- 
dicates the liberated carbonic acid ; but as a small quantity 
has been dissolved by the hydrochloric acid, it is necessary 
to make a correction. Scheibler has determined the small 
amount of carbonic acid which remains dissolved in the 
10 c.c. hydrochloric acid at the mean temperature, and he 
directs to add '8 c.c. to the volume of the carbonic acid read 
off. Lastly, the volume being reduced to 0^, 760 mm. and the 
dry condition the weight is found. 

If you want to dispense with all corrections, you may begin 
each set of experiments by establishing the relation between 
the carbonic acid obtained in the process {i.e., the CO^ actuaUy 
yielded +*8 c.c.) and pure carbonate of calcium. This relation 
is of course dependent on the temperature and pressure pre- 
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vailing on the particular day. Let us take an example. 
Prom -2737 grm. carbonate of calcium containing •120428 grm. 
carbonic acid, were obtained 63*8 c.c. (including the '8 c.c), 
and in an analysis of dolomite, under the same circum- 
stances, from '2371 substance were obtained 5r'3 c.c. (including 
the "8 c.c). 

Now 63-8 : 57-3 : : '120428 : x x = -10816. Therefore 

•2371 grm. substance contains '10816 CO^ therefore the dolo- 
mite contains 45*62 per cent, of carbonic acid. 

Ohromlo Add. 

1. As Sesquioxide of Chromium. 

By ignition with chloride of ammonium. 
By reduction and precipitation with ammonia. 
By precipitation as mercurous Chromate and ignition. 
(In the absence of hydrochloric acid.) 

2. As Cheomate of Lead. 

3. As Iodine. Volumeteically. 

1. As Saaqnioxlde of Ohromliiiii. 

BT IGNITION WITH CHLORIDE OF AMMONIUM. 

• 

Mix the Chromate with about 2 parts of chloride of ammo- 
nium in powder, and heat cautiously. Extract with water or 
hydrochloric acid, and weigh the residual sesquioxide of 
chromium. 

BT REDUCTION AND PRECIPITATION WITH AMMONIA. 

Acidify the solution, add acid sulphite of ammonium, boil 
off the excess of sulphurous acid, precipitate with ammonia, 
wash the precipitate, dry, ignite, and weigh it. 

BT PRECIPITATION AS MERCUROUS CHROMATE AND IGNITION. 

Precipitate the neutral, or slightly acid solution, with 
mercurous nitrate, filter off, wash with a dilute solution of 
mercurous nitrate, dry, ignite, and weigh the residuary sesqui- 
oxide of chromium. 

2. Mm Obromate of Xiemd. 

Add acetate of sodium in excess, then acetic acid, till the 
reaction is strongly acid, and finally acetate of lead. The pre- 



KETIHATION. 



cipitate is either collected on a weighed filter, and dried a 
100°, or it is ignited. 



Od treating chromic acid vith hydrochloric acid and 
iodide of potassium, CrO, liberates !„ which dissolres if there 
is a sufficient excess of iodide of potassium. The liberated 
iodine is titrated with hyposulphite of sodium. (See p. 1>^.] 

Some Chromates require to be boiled with hydrochloric acid, 
the liberated chlorine being passed in to a solution of iodide of 
potassium, kept cool. In such cases the process is coDducted 
as follows : — 

The apparatus used is figured below. The flask hold» 



about 60 e.G. ; the U tube contains 20 c.c. of iodide of potas- 
siam (1 in 10), and is kept cool in a vessel of water. The 
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outer end of the U tube is covered with a watch-glass^ to 
prevent loss by spirting. 

Put the dry Chromate into the flask^ add some strong 
hydrochloric acid; attach the flask to the rest of the ap- 
paratus^ and apply heat cautiously. After two or three 
minutes' ebullition the whole of the chlorine will have passed 
over. Before removing the lamp take off the clip. Finally, 
turn the contents of the U tube into a beaker, and titrate 
with hyposulphite. 

Bydrofluorlo Aoid. 

1. Indirectly. With Sulphuric Acid. (For insoluble 

fluorides.) 

2. As Fluoride of Calcium. (For soluble fluorides.) 

1. Indirectly. iBntH Svlpliiirie Add. 

When the fluoride is anhydrotis, or can be dried without 
decomposition.* 

The dry finely-powdered substance is heated for some time 
with pure concentrated sulphuric acid, and finally ignited until 
the free sulphuric acid is completely expelled. The residuary 
sulphate is weighed, and the metal contained in it calculated. 
The difference between the weight of the metal and that of 
the substance shows the amount of fluorine. In cases where 
we have to deal with a metal whose sulphate gives off part of 
the sulphuric acid upon ignition, or where the residue contains 
several metals, is is necessary to subject the residue to analysis 
before this calculation can be made. 

s 

When the fluoride contains water, and cannot be dried without 
decomposition. 

The substance is ignited with sulphuric acid, and the resi- 
duary sulphate weighed. From this is calculated the weight 
of the metal present, and the latter is deducted from the 
weight of the substance taken. This gives us the fluorine + 
water. 

Another portion i\ then mixed, in a small retort, with about 
6 parts of recently ignited oxide of lead; the mixture is 
covered with a layer of oxide of lead, the retort weighed, and 

* Whether it can or not may be ascertained by heating a portion in a 
tube, and testing the vapor with litmus paper. 
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the water expelled by the application of heat^ increased gn- 
dually to redness. No hydrofluoric acid escapes in this pro- 
cess. The weight of the expelled water is inferred from the 
loss. The first operation having given us the water -h fluorine, 
and the second^ the water alone^ the difference is conseqaentlj 
the fluorine. 

a. Am Vliiorld« of Calffiwin. 

If neutral : 

Add chloride of calcium^ heat to boiling in a platinum 
dish^ wash the precipitate by decantation^ transfer to a filter, 
dry^ ignite and weigh. 

If not neutral : 

Add carbonate of sodium in excess if the fluid is add. 
(Should a precipitate form^ heat to boiling and filter it off.^] 
Add chloride of calcium^ allow the precipitate (CaF + CaCOg] 
to subside^ wash^ first by decantation, then on a filter^ dijj 
ignite^ add water and slight excess of acetic acid^ evaporate to 
dryness on a water bath^ and heat on the latter till all smell 
of acetic acid has gone. Warm the residue with water^ collect 
the insoluble fluoride of calcium on a filter^ wash^ dry^ ignite, 
and weigh. 

If the precipitate of fluoride and carbonate of calcium were 
treated with acetic acid without previous ignition^ the washing 
of the fluoride would prove a diflicult operation. 

Phospliorio Aoid. 

1. As Phosphate of Lead. (For pure phosphoric acid.) 

2. As Pyrophosphate of Magnesium. 

Directly. 

With previous precipitation by molybdate. (Apph- 
cable in all cases.) 

3. With Uranic Acetate. Volumetrically. (In the 

absence of iron and aluminium.) 

1. Am Vliospliate of &ead. 

Add a weighed quantity of recently ignited pure oxide of 
leadf (about 6 times the quantity of the phosphoric acid pre- 

* The precipitate should be tested, to make snre that it oontains no 
fluorine. 

t The oxide of lead may be prepared by exhausting red lead with nitric 
acid, and igniting the residual binoxide. 
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sent)^ evaporate to dryness^ and heat to gentle redness for some 
time. The residue consists of phosphate of lead -f oxide of 
leadj in other words of phosphoric acid + oxide of lead. Sub- 
tract the weight of the oxide of lead from that of the residue^ 
and the remainder is the weight of the phosphoric acid. 

Zm Am Pyroplftospliate of llair>Msiiiiii« 

DIBECTLY. 

Add a clear mixture of sulphate of magnesium^ chloride of 
ammonium^ and ammonia, and then some more ammonia if 
necessary till the solution smells strongly. Allow to stand 
from 12 to 24 hours in the cold^ filter^ and wash the precipi- 
tate with weak ammonia (1 part of the ordinary solution and 
3 parts of water)^ until the washings are free firom chlorine. 
Finally dry, ignite and weigh. 

The loss sustained from the slight solubility of the preci- 
pitate is very trifling, aud may even be altogether corrected 
by measuring the filtrate and washings, and adding for every 
54 c.c. 'OOl grm. to the weight of the ignited residue. If 
this correction is to be applied, the washing must be performed 
cautiously and with small quantities of the ammonia at a time, 
so that we may assume that the latter runs through a saturated 
solution of the salt. 

WITH PREVIOUS PRECIPITATION BY MOLBYDATE SOLUTION.* 

Add a considerable quantity of the molybdate solution (about 
40 parts molybdic acid must be added for every 1 part phos- 
phoric acid), stir, without touching the sides, and set aside for 
12 or 24 hours in a warm place (not hotter than 40^). Then 
remove a portion of the clear supernatant fluid with a pipette, 

* The molybdate solution is a solution of molybdate of ammonium in 
nitric acid. It is prepared as follows : — 

Take of 

Molybdate of ammonium 10 grm. 

Solution of ammonia, 8.g. '960 .... 40 c.c. 

Strong nitric acid 120 c.c. 

Water 40 c.c. 

Dissolve the salt in the ammonia by the aid of heat, pour the solution 
into the nitric acid and water, which have been previously mixed together, 
and keep the whole at 40^ for nine hours. Fmally allow to settle, and 
draw on the clear fluid. 
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mix it with an equal volume of molybdate solution^ and allow 
it to stand some time at 40^. If a further precipitation takes 
place^ return the portion to the main quantity^ add more molyb- 
date solution, allow to stand again 12 to 34 hours and test 
again. When complete precipitation has been effected, transfer 
the precipitate to a small filter, remove the rest from the beaker 
by means of portions of the filtrate, and wash the precipitate 
with a mixture of equal parts of moljbdate solution and water^ 
which should be dropped on in small quantities. Then dis« 
solve the precipitate in ammonia on the filter, wash the latter 
and precipitate the solution as above. 

As this method requires so large a quantity of molybdic 
acid, the amount of phosphoric acid present should not be 
allowed to exceed '1 grm. Arsenic and silicic acids must be 
previously removed, if present. 

S. Wtük mnuile Acetate. Wolvmetrteally. 

Uranic acetate added to solutions of phosphates acidified 
with acetic acid produces a precipitate of uranic phosphate. 
Standard solution of uranic acetate is added till a drop taken 
out gives a brown color with ferrocyanide of potassium. In 
the presence of much ammonium salt, the precipitate consists 
of phosphate of uranium and ammonium, in which the urauic 
oxide and phosphoric acid bear the same relation to each 
other as in the uranic phosphate. 

Preparation of the solutions. 

Standard phosphoric acid. 50 c.c. = *l grm. PgO^. Dis- 
solve 10'085 grm. pure crystallized phosphate of sodium to 1 
litre. 

Acid solution of acetate of sodium. Dissolve 100 grm. 
acetate of sodium in water, add 100 c.c. acetic acid and make 
up to 1 litre. 

Standard uranic acetate. 1 c.c. indicates '005 grm. P^O^. 
This solution is made at first a little too concentrated, its value 
is determined, and it is then diluted exactly. Dissolve 32*5 
grm. of the crystals with 2 atoms of water, or 34 grm. of the 
crystals with 3 atoms of water (corresponding .to 22 grm. 
uranic oxide) to 1 litre. Transfer 50 c.c. of the standard 
phosphoric acid to a beaker, add 5 c.c. of the acetate of sodium 
and heat in a water bath to between 90 and 100^. Now run 
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in tiranium solution^ at first a large quantity^ at last in ^ c.c.^ 
testing after each addition whether the precipitation is finished 
or not. For this purpose spread out one or two drops of the 
mixture on a white porcelain surface and introduce into the 
middle^ by means of a thin glass rod, a small drop of ferro- 
cjranide of potassium. As soon as a trace of excess of acetate 
of uranium is present^ a reddish-brown spot forms in the drop^ 
wbich^ surrounded as it is by the colorless or almost colorless 
fluid, may be very distinctly p^ceived. When the final reac- 
tion has just appeared, heat a few minutes in the water bath 
and repeat the testing on the porcelain. If now the reaction is 
still plain the experiment is concluded. The acetate of sodium 
retards the precipitation of uranium by ferrocyanide of potas- 
sium^ hence the test drop on the porcelain plate becomes 
darker and darker. The analyst should accustom himself to 
observing the first appearance of the slightest brownish colora- 
tion in the middle of the drop, and should take this as ihe 
final lection. 

Finally, dilute as may be necessary, so that 20 c.c. may be 
used for the above experiment. 

The actttal analysis. 

This must be made under as nearly as possible similar circum- 
stances to those under which the titration of the uranium solution 
has been performed, especially as regards acetate of sodium. 

Dissolve the substance in water or the least possible quan- 
tity of acetic acid, add 5 c.c. of the acetate of sodium, dilute 
to 50 cc, and proceed with the titration as above. 

Snieio Aoid. 

1. Directly, as Silicic Acid. 

By hydrochloric, nitric^ or sulphuric acid. 

In open vessels. 

In sealed tubes. 
By fusion with alkaline carbonates. 
By fusion with carbonate of barium. 
By fusion with hydrate of barium. 

S. Indirectly, with Hydrofluoric Acid. 
With the solution. 
With the gas. 

Note. — The silicates must in all cases be most finely powdered. 



162 ESTIMATION. 

X. IMreoOj. Am Blllele Add. 
BY HYDROCHLOBICj NITRIC^ OR SULPHURIC ACID. 

In open vessels : 

Put the substance in a platinum dish^ treat with hydro- 
chloric (or nitric) acid, and digest at a very gentle heat with 
constant stirrings till you can feel no more grating against the 
glass rod. In some cases the decomposition is very slov. 
The silica separates either in the gelatinous or in the pulveru- 
lent form. Evaporate to dryness on the water bath^ and dry 
the residue thoroughly at 100°^ breaking up the lumps to faci- 
litate the escape of the moisture. Moisten weU with hydro- 
chloric acid^ warm^ dilute^ wash the precipitate by decantation 
and finally on the filter, dry thoroughly, and ignite over the 
blowpipe. 

The purity of the silicic add may be tested* by boiling it 
with a strong solution of carbonate of sodium, when it should 
completely dissolve, or by heating it with hydrofluoric and 
sulphuric acids in a platinum dish, when it should completely 
volatilize. 

In sealed tubes : 

The silicate is heated in a sealed tube for two hours at 200 
to 210° with hydrochloric acid of 25 per cent., or with a 
mixture of 3 parts by weight of strong siilphuric acid and 1 
part of water. Transfer about 1 grm. of the substance to a 
strong tube of hard glass, sealed at one end and somewhat 
drawn out towards the other end ; add the acid, seal the tube, 
place it in a bath, and heat as directed. When the tube has 
cooled, open it cautiously, transfer its contents to a dish, and 
proceed as above. 

BT FUSION WITH ALKALINE CARBONATES. 

Transfer the substance to a platinum crucible, add 4 times 
its weight of pure anhydrous carbonate of potassium and 
sodium, mix with the aid of a glass rod, wipe the rod on a 
small portion of the carbonate on a card, and transfer this also 
to the crucible ; cover the latter well, and heat. Apply at 
first a moderate heat for some time, to make the mass simply 

* This is more necessary when the acid has separated in the pulveru- 
lent form. 
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agglutinate^ and to enable tlie carbonic acid to escape without 
spirting ; afterwards raise the heat^ and do not stop the opera- 
tion till the mass is in a state of calm fusion. Allow to cool^ 
transfer to a beaker^ add a considerable quantity of water and 
some hydrochloric acid, warm, and keep the beaker covered. 
If too much hydrochloric acid is present in proportion to the 
water, some chloride of potassium or of sodium may subside. 
When the fused mass is completely soaked through, transfer to 
a dish, evaporate, dry the residue thoroughly at 100°, breaking 
np the lumps. Moisten well with hydrochloric acid, warm, 
dilute, wash the precipitate by decantation and finally on the 
filter, dry thoroughly and ignite over the blowpipe. 

BY FUSION WITH CABBONATB OF BARIUM. 

Carbonate of barium requires a very high temperature for 
its fusion, but its action is so energetic that even the most re- 
fractory silicates are readily and completely decomposed. 
One part of the miiferal is fused with 4 to 6 parts* of the 
carbonate. The rest of the operation is conducted as in the 
fusion with alkaline carbonates. 

BY FUSION WITH HYDRATE OF BARIUM. 

Hydrate of barium is more readily fusible than the carbo- 
nate. The mineral should be fused with 4 or 5 parts of the 
hydrate in a silver crucible. The mixture either fuses com- 
pletely, or at least agglutinates to a semi-fluid mass. The 
rest of the operation is conducted as in the fusion with alka- 
Une carbonates. 

a. Imllreotly« Wltb BCydroflnorio Jkold. 

WITH THE SOLUTION. 

Put the substance in a platinum dish, stir with a stout 
platinum wire, and add the acid gradually till the mixture is 
of the consistence of thin paste. Digest for some time on a 
water bath at a gentle heat, and add a mixture of equal parts 

* Deyille savs a much smaller proportion is sufficient. He states that 
1 part of orthoclase fuses, at a moderate red heat, with as little as '8 parts 
oi carbonate of barium to a vitreous transparent mass, decomposable by 
acids. He adds that, if the carbonate is used in larger proportioo, an 
appreciable amount of potash volatilizes, expelled by the agency of caustic 
l)ar7ta formed in the process. * 

H 2 
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of strong sulphuric acid and water^ drop by drop^ in more than 
sufficient quantity to convert the bases present into sulphates. 
Evaporate to dryness on the water bath^ and finally ignite till 
the excess of sulphuric acid is very nearly expelled. When 
cool^ add strong hydrochloric acid^ allow to standi add water, 
and heat gently. The whole should dissolve to a clear fluid. 
The hydrofluoric acid may also be employed in oombinatioii 
with hydrochloric acid ; thus 1 grm. of elutriated felspar^ mixed 
with 40 c.c. water^ 7 €.c. hydrochloric acid of 25 per cent., 
and 3^^ c.c. hydrofluoric acid^ and heated to near the boiling 
point, dissolves completely in three minutes. 4 c.c sul- 
phuric acid are then added, the sulphate of barium which 
separates is filtered ofi", and the filtrate evaporated tiU no more 
hydrofluoric acid escapes. 

WITH THE GAS. 

This requires a leaden box, like a hat-box, 6 inches in dia- 
meter and 6 inches high, to which a leaden cover can be luted. 
Before using the box, put into it a layer of powdered fluor- 
spar about } inch high, and make this into a paste with strong 
sulphuric acid (avoid the escaping vapors). Put 1 or 2 grm. 
of the silicate, in the thinnest possible layer, into a shallow 
platinum dish, and moisten the powder with dilute sulphuric 
acid ; place the dish on a leaden ring in the box, lute on the 
cover with plaster of Paris, and put the box in a warm place 
for a week. 

If you wish to accelerate the process, yon must not lute the 
joint air-tight, and must heat the apparatus in the open air 
(not in the laboratory). In this manner you can decompose 
1 or 2 grm. of silicate in a few hours, provided it is spread in 
a thin layer, or stirred from time to time. 

When the decomposition is complete, take out the platinum 
dish, add pure sulphuric acid cautiously, and drive off idmost 
all the excess of sulphuric acid by heat. Treat with strong 
hydrochloric acid, allow to stand, add water, and heat gentty. 
The whole should dissolve to a desßc fluid. 

Solphnrlc AioUU 

Am Snlpliate of Baiinnu 

Add some hydrochloric acid, heat to boiling, add chloride 
of barium, wash by decantation two or three times with hot 
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water^ collect on a filter^^ continue the washing till the filtrate 
gives no precipitate with sulphuric acid^ irj, and ignite. 

The precipitate is very liable to carry down other salts with 
itj which cannot be removed by simple washing with water. 
Two methods have been recommended for purifying it. 

Purification ttritk hydrochloric acid, — ^After igniting and 
weighing the precipitate^ moisten it with a few drops of hydro- 
chloric acid, add hot water^ stir with a stout platinum wire, 
rinse the wire, and warm gently for some time. Pour the 
almost clear fluid onto a small filter, and test the filtrate with 
sulphuric acid. If this produces a turbidity (which is a sign 
that the sulphate contains another barium salt), wash the 
residue again with hot water, until the washings are no longer 
rendered turbid by sulphuric acid. Now dry the precipitate 
in the crucible, together with the small filter, incinerate the 
latter, ignite, and weigh. 

Purification with acetate of copper. — After the precipitate 
has been washed with hot water till the filtrate gives no reac- 
tion with sulphuric acid, treat it still in the beaker with 50 c.c. 
of solution of acetate of copper,^ add some water and acetic 
acid, and digest at a temperature near the boiling point for 
ten or fifteen minutes, with constant agitation. The acetic 
add added should be sufficient to prevent the precipitation of 
basic salt during this operation. If, notwithstanding the pre- 
eantion taken, basic salt is precipitated, it must be redissolved by 
addition of acetic acid (not hydrochloric acid) . After the preci- 
pitate has been filtered off and washed with hot water, drop a 
few drops of hydrochloric acid on it, continue washing, lastly dry, 

ignite, and weigh. 

Bydrofluoslilolo JLoid« 

1. DiBECTIiY, AS SiLICOFLUORIDE Or PoTASSlüM (OR SoDIVM). 

(For solutions.) 
2. Indirectly, by ignition with Sulphuric Acid. (For 
solid salts.) 

* The solution of acetate of copper is prepared from the crystallized 
salt; if it contains no sulphuric acid, add two drops of the dilute acid. 
Dissolye it with addition of a little acetic acid in hot water, add a few 
drops of chloride of barium, boil a short time and filter. The solution on 
cooung deposits crystals; the supernatant cold saturated solution is 
employed. The small addition of chloride of barium to the solution of 
copiper containin£[ a little sulphuric add, is for the purpose of incapaci- 
tating the fluid for taking up any sulphate of banum, by saturating it 
with that substance. 
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1. Bireetlarff tui SUloofluoride of ggf» riwin (or Sodiom). 

Add chloride of potassium or sodium^ then a Tolnme of 
alcohol equal to that of the fluid present^ collect the precipi- 
tate on a weighed filter, wash with a mixture of equal parts of 
alcohol and water, dry at 100°, and weigh. Mix the alcoholic 
filtrate with hydrochloric acid, evaporate to dryness, and ixeai 
with hydrochloric acid and water. K an insoluble residue 
remains, this is^silica, which was dissolved in the hydrofluosilicic 
acid. 

The precipitate has the composition K^SiF^, or Na^SiPg. In 
both cases it is anhydrous at 100°. It dissolves with difficulty 
in water, and is insoluble in dilute alcohol. 

a. XndlreotlT'« by XffBitloii wltb Snlplmiic Aeld. 

The salt is ignited with strong sulphuric acid in a platinum 
crucible; fluoride of silicon and hydrofluoric acid escape, 
while the metal is left behind as a sulphate. 

In the presence of water the latter is determined by igni- 
tion with 6 parts of oxide of lead. 

Iodic Aold. 

Am Iodine. 

When iodic acid is mixed with hydrochloric acid, the fol- 
lowing decomposition takes place — 

l5,O6 + 10IICl=5H5O + 2ia-hCl8. 

Distil the substance with strong hydrochloric acid into solu- 
tion of iodide of potassium (for apparatus see p. 156), and 
determine the liberated iodine with standard hyposulphite of 
sodium (p. 135). 8 atoms of iodine = 1 atom of dry iodic add. 

If itrous JLeid. 
^Tlth standard gormanynate of Votaaslam« 

When nitrous acid is mixed with permanganate of potas- 
sium and dilute sulphuric acid, the following reaction takes 
place — 

5N303 + 4KMn04+6H3S04=2K2SO^+4MnSO^ 
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The solution must be so dilute that at least 5000 parts of 
water are present for every part of nitrous acid. 

Meta- and Fjrophosplioiio Aoida. 

These acids are first converted into phosphoric acid^ and 
then estimated (see p. 158). They may be converted in two 
ways. 

a. By protracted fusion with carbonate of potassium and 
sodtum. This method is not adapted for the salts of barium^ 
strontium^ and calcium. 

Ä. By long boUing with a strong acid, best with strong sul- 
phuric acid. This method does not succeed unless the acid 
added forms an insoluble salt with the metal. 

Aolda of Seleniimu 

1. As Selenium. 

By sulphurous acid. 

Directly. 

After fusion with carbonate of sodium and nitrate 
of potassium. 
By conversion into selenocyanide of potassium. 

2. As SE + Sg. 

Xm Am aelenlum« 
BY SULPHUROUS ACID. 

Directly. — If the solution contains nitric acid, this must 
first be removed by evaporation with hydrochloric acid. Selenic 
acid must also be converted into selenious acid by the same 
means. Add hydrochloric acid,*^ and then acid sulphite of 
ammonium. Heat to the boiling point for J hour, whereby 
the precipitate will become black and denser. Finally, collect 
the precipitate on a weighed filter, dry at 100°, and weigh. 
To make quite sure that all the selenium has been removed, 
evaporate the filtrate to a small bulk, boil with strong hydro- 
chloric acid, to reduce selenic acid to selenious acid, and test 
with sulphurous acid. The selenium, if pure, will volatilize 
completely on ignition in a tube. 

After fusion vnth carbonate of sodium and nitrate of potaS' 
»'i^m.— Fuse with 2 parts of carbonate of sodium and 1 part 

* The presence of hydrochloric acid is essenüaL 
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of nitrate of potassium^ extract tke fdsed ma» hj boiling with 
water^ remove lead, if present, by saturating with carbonic 
acid, boil down with hydrocbloric acid (to reduce selenie acid 
and expel nitric add), and pfecipitate with salphurona acid sb 
above. 

BY CONVSRaXON INTO 8BLIN0CTANIDS Of KyTABaiUlI« 

The Bubstance is fiised with cyanide of potassium, dissdved 
in water, and precipitated with hydrochloric acid. Mix tke 
substance with about 8 times its quantity of ordinary cyanide 
of potassium (containing cyanate), transfer to a porcelain cru- 
cible, cover with a layer of cyanide of potassium, and fuse in a 
stream of hydrogen. Keep the temperature so low that the 
crucible is not attacked, and while cooling take care to exclude 
air. When cold, treat the brown mass with water, and if 
necessary, filter the solution (which should be celoriest). 
Dilute, boil some time (in order to convert the small quantity 
of selenide of potassium which may be present into sdenocya- 
nide of potassium), allow to cool, supersaturate with hydro- 
chloric acid, and heat again for some time. At the end of 
twelve or twenty-four hours all the selenium will have sepa- 
rated ; collect it on a filter, dry at 100^, and weigh. 

The selenium, if pure, will .volatilize completely on ignition 
in a tube. If the selenium has agglomerated together on its 
precipitation, it may have inclosed salts ; in such cases it may 
be redissolved and precipitated with sulphurous acid. 

a. ju 8« + s,. 

Selenious acid is precipitated by sulphuretted hydrogen in 
this form. The precipitate may be weighed after being dried 
at 100®. 

ShoiQd it be suspected that extra sulphur is present, the 
precipitate must be oxidized, while still moist, by heating with 
potash, and transmitting chlorine. It is necessary here to 
oxidize the sulphur completely, as it may inclose selenium. 
The solution now containing selenic acid is heated till it smells 
no longer of chlorine, hydrochloric acid is added, and the mix- 
ture is re-heated. The selenic acid is hereby reduced to 
selenious acid, and when the solution has again ceased to 
smell of chlorine, the selenium is precipitated with sulphurous 
acid. 
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Sulplmroiis Aold. 

1. With standard solution of Iodine. 

2. As SULFHATS OF SaRIUM» 

1. VnHh, standard Bolvtloii of Iodine. 

When solution of sulphurous acid containing not more than 
•05 per cent, of SOj is mixed with sidution of iodine, the foDow- 
ing reaction takes place : — 

I, -f H,0 + S0,=2 HI -h SOj. 

To the fluid under examination air-free water is first added 
till the required dilution is attained, then hydrochloric acid 
if necessary, then starch solution and finally standard solution 
of iodine* till a blue tint is obtained. 



2s jkM sm^iaito of 

The sulphurous acid is converted into sulphuric acid by 

means of chlorine, and then precipitated with chloride of barium 

(p. 164). 

BTPOsnlpliiurouft Ael4. 

1. With standard solution of Iodine. 

2. As SULFHATS OF BaRIUM. 

1. WtOk standard Solution of Xodlno« 

When a hyposulphite is mixed with solution of iodine, the 
latter is conyerted into hydriodic add thus — 

2NajS,0,+Ig=2NaH-NajSPj. 

The fluid under examination is diluted plentifiilly, and mixed 
with starch solution ; standard iodine solution^ is then added 
until a blue tint is produced. 

In the case of dilute fluids the results do not vary, if the 
fluid is acidified before the iodine is added, and the operation 
is proceeded with so quickly that no sulphur separates. 

a. Am Snlpliato of Barium« 

The hyposulphurous acid is converted into sulphuric acid 
by means of chlorine, and then precipitated with chloride of 
barium (p. 164). 

* Prepared by dissolving 6 grm. iodine in iodide of potassinm and di- 
luting to 1 litre. Titrated with hypoBolphite of sodinm (p. 135). 
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Bjdrooyanio Aeld. 

1. As Cyanide of Silyeb. 

2. With Nitrate of Silver. Volumetrically. 

3. With Iodine. Volumetrically. 

4. Indirectly. 

With sulphuric acid. 

With sulphate of mercury. 

W^ith chloride of ammonium. (For NiK^Cy^ and 

KsCoCy«.) 

1. Am Cyanide of Silver. 

Add nitrate of silver, then a little nitric acid, and allow to 
settle without warming. Collect the precipitate on a weighed 
filter, and dry at 100° ; or collect the precipitate on an un- 
weighed filter, ignite it in a porcelain crucible for J hour, and 
weigh as metallic silver. 

In the presence of mercury proceed thus : — ^Mix the original 
solution with nitrate of zinc dissolved in ammonia (no preci- 
pitate should be formed). Add sulphuretted hydrogen water 
till it produces a perfectly white precipitate of sulphide of 
zinc. Filter oflf the precipitate and wash it with very dilute 
ammonia. The filtrate contains cyanide of zinc dissolved in 
ammonia, together with nitrate of ammonium. Mix it with 
nitrate of silver, and add dilute sulphuric acid in excess. Wash 
the cyanide of silver a little by decantation, heat with nitrate 
of silver (to convert any coprecipitated cyanide of zinc), collect 
on a filter, wash and weigh as above. 

a. "Wltb Vltrate of BUver» Volnmetrloallj. 

If hydrocyanic acid is mixed with potash to strongly alkaline 
reaction, and nitrate of silver is then added gradually, a per- 
manent precipitate of cyanide of silver forms only after the whole 
of the cyanogen has been converted into cyanide of silver and 
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potassium (KAgCy,). 1 atom of silver consumed in the pro- 
cess therefore indicates 2 atoms of cyanogen. 

Decinormal solution of nitrate of silver may be used (p. 131). 
In practice it is recommended to add a few drops of chloride of 
sodium to the solution before titrating — this makes no difference 
in the value of the silver solution. The presence of hydro- 
chloric acid does not interfere. A considerable excess of 
potash should be avoided. 

In applying this method to cyanide of potassium, prepare a 
solution of a weighed quantity, and employ a portion of this 
containing about -1 grm. of the salt. In the presence of sul- 
phide of potassium, first add a small quantity of freshly-preci- 
pitated carbonate of lead, and filter. 

3. ^irttli Iodine, ▼olnmetiioallj'« 

When iodine solution is mixed with cyanide of potassium, 
the following reaction takes place : — 

KCy+I,=KI + CyL 

The iodine solution may be prepared by dissolving 5 grm. 
iodine in iodide of potassium and diluting to 1 litre. It is 
titrated with standard hyposulphite of sodium (p. 135). 

If you have to examine hydrocyanic acid, add potash 
cautiously to alkaline reaction, and then carbonic acid water 
to convert the excess of alkali into acid carbonate (the fluid 
should not turn turmeric paper brown) ; finally run in iodine 
solution till the fluid is slightly yellowish. 

If you have to examine cyanide of potassium, dissolve a 
weighed quantity in water, take a volume of the solution con- 
taining about '05 of the salt, add carbonic acid water and 
titrate with iodine solution. The cyanide of potassium must 
be free from sulphide. 

%f Indlreetlari 

WITH SULPHURIC ACID. 

• 

All cyanogen compounds, simple or double, are completely 
decomposed and converted into sulphates or oxides, as the case 
may be, if treated in a powdered condition in a platinum 
vessel with a mixture of 3 parts of strong sulphuric acid and 
1 part of water, and heated till almost all the sulphuric acid 
has been expelled^ 
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WITH SULPHATE OF MBRCUET. 

Tke subailaiKic is mixed witk 6 ports of neutral or hssic 
sulphate of mercury^ heated in a platinum crucible gradually, 
and finally maintained for a Icmg time at a red heat^ till all 
the mercury has volatilized^ and the weight remains constant. 
If alkalies arepresent, a little carbonate of ammonium is added 
during the final ignition^ firom time to time^ in order to con- 
vert the acid sulphates into neutral salts, 

WITH CHLORIDE OF AMMONIUM, 

Mix the substance with twice or thrice its weight of chlo- 
ride of ammonium, and ignite the mixture moderately in a 
current of hydrogen. On treating the cool mass with water, 
the chloride of the alkali metal di8S(dvefi> while the reducible 
metal remains behind. 

Bjdroferro- and Hjdref^rriOTanio Aelds. 

1. With Permanganate of Potassium. Volumetrically. 

2. With Iodide of Potassium. Yolumetricallt. (For 

ferricyanides.) 

8. With Sulphate of Copper. Volumetrically. (For 
ferrocyanides in presence of sulphocyanides.) 

4. Indirectly. With Oxide of Mercury. (For Prussian 
blue^ ferrocyanide and ferricyanide of potassium.) 

1, ^ntb Permansanate of Fetaaatam. VolmiMtrtoalljr. 

When ferrocyanide of potassium is mixed with sulphuric 
acid^ and permanganate of potassium is added^ the following 
reaction takes place : — 

10K4CygFe-|-8Hä,SO^-f2KMnO^=10K3Cy^Fe+6K,SO^-f 

2MnSO^+8H,0. 

K the reaction takes place in a fluid containing say '2 grm. 
K^Cy^Fe in 200 or 300 c.c, the first excess of permanganate 
is clearly indicated by the change of color from pure yellow to 
reddish yellow. 

Soluble ferricyanides are analysed by reducing them first to 
ferrocyanides as follows: — ^Add potash in excess^ boil, add 
ferrous sulphate gradually and in small portions^ until the 
color of the precipitate is black. Now dilute to 800 cc, mix. 
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filter^ and proceed to estimate the ferrocyanide in 50 or 100 
c.c. of the filtrate. 

Insoluble ferro- or ferricyanides are analysed by boiling with 
potash (adding ferrous sulphate^ in the case of ferricyanides)^ 
and then proceeding in the usual way. 

a. Wltli XOdlde of PotasBtmii. Volnmetrloallj. 

(For ferricyanides.) 

When ferricyanide of potassium is mixed with solution of 
iodide of potassium and strong hydrochloric acid^ the following 
reaction takes place : 

KjCy^Fe + KI + 4HC1= H^Cy^Pe + 4KC1 + 1. 

The iodine is estimated as directed p. 135. 

As the hydroferrocyanic acid may be liable to be decom- 
posed by iodine^ it has been recommended to add sulphate of 
zinc, by which ferrocyanide of zinc is formed instead. Mix 
the dilute solution of the ferricyanide with iodide of potassium 
and hydrochloric acid, add pure sulphate of zinc, neutralize 
the acid with carbonate of sodium, and then titrate the free 

iodine. 

3. ^Tttli Snlpliate of Copper. Volmiietrloally. 

(For ferrocyanide of potassium in presence of sulphocyanide.) 

This method depends on the precipitation of the ferrocyanide 
of copper. The solution of copper may be made by dissolving 
10 grm. of the sulphate to 1 litre. The end of the reaction is 
found by dipping a strip of filter paper in the mixture of fluid 
and precipitate, and then touching it with ferric chloride. If 
sulphides of the alkali metals are present, boil with carbonate 
of lead, filter, acidify with sulphuric acid, and then proceed. 

ft. Zndlreotly. ^ntli Oziae of Merenrsr. 

(For Prussian blue, ferrocyanide and ferricyanide of 

potassium ) 

Boil for a few minutes with water and excess of oxide of 
mercury, add nitric acid gradually till the alkaline reaction 
has nearly disappeared, filter, and wash the precipitate. The 
precipitate on ignition gives ferric oxide. The cyanogen in 
the filtrate may be estimated as directed, p. 170, 1. 



SEPARATION. 



177 



INDEX TO SEPARATION OF METALS, 



1, Ag — Other metals. Gravimetrically. With HCl. 

2. „ y, In alloys. Voltimetrically. 
With NaCl. 

8. Ag — Pb — Hg — Bi — Cu — Cd. 

4. Ag — Pb. Aschlorides. With NH^HO. 

5. Ag — Pb, Cu, &c. In alloys. By cnpellation. 

6. „ „ „ Volumetrically. By 

iodide of starch. 

7. Ag, Bi, Cu, Cd — Hg. As sulphides. With HNO,. 

8. Pb — Other metals except Ag, Ba, Sr, Ca. As 

sulphate. 

9. Gr. I. and II.— Gr. III., IV., V. As sulphides. 

10. Pb, Cu, Fe — Zn. In alloys. By ignition. 

11. Pb — Ba. As sulphates. With sesquicarb. ammon. 

12. „ „ WithNa,S,Oj. 

13. Hg — Most metals. By ignition. 

14. Hg — Most metals except Ag. As HgCl. 

15. Bi — Cu, Cd, and Gr. III., IV., and V. except 

Fe. As BiOCl. 

16. Bi — Cd. As Chromate. 

17. Cu"— Cu'. WithAgNOg. 

18. Cu— Cd, Fe, Zn. As CuCyS. 

19. Cu — Cd. As sulphides. With Hj,SO^. 

20. Cu — As. As oxalate. 

21. Cu — Gr. III., IV., and V. As Cu,S. 

22. Cu — Fe. With NH^HO. 

28. Cd — Zn. By H^T and KHO. 

24. Sn, Sb, As — Ag, Pb, Hg, Bi, Cu, Cd, Co, Fe, 
Mn, Zn. With (NHJ,S. 

N 



33. 


99 


34. 


99 


35. 


>l 
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25. Sn, Sb, As — Ag, Pb, Hg, Bi, Cu, Cd, Co, Fe, 

Mn, Zn. By fusion with NsgCO, and S. 

26. Sn — Ag, Pb, Cu, Cd, Ni, Co, Zn. In alloys. 

As SnOj. 

27. Sn — Cu, Au, and Gr. III., IV., and V. except 

Fe. As SnH^O^. 

28. Sn — Cu. In alloys. As SnH^O^. 

29. Sn, As — Sb. By fusion with NaHO- 

30. Sn — Sb. With zinc. 

31. Sn, Sb — As. With KHSO3. 

32. Sn — As. By ignition. 

The Ab as MgNH^AsO^. 
In commercial stannate of sodimn. 
In metallic tin. 

36. Sn, Sb, As (oxygen acids of) — Gr. IV. and V. 
By ignition with NH^Cl. 

37. Sb — Other metals except Sn. In alloys. With 
HNO,. 

38. Sb — Pb. In alloys. 

39. Sb, As — Cu, Ni, Co, Fe. With KHO and CL 

40. Sb — As. In alloys. By fusion with KCy. 

41. „ In commercial Sb^Sg. 

42. As — Other Metals except Sn, Sb. By (NHJ, 
M0O4. 

43. As — Ag, Pb, Bi, Zn, Ba, Sr, Ca, Mg. As 
MgNH^AsO^. 

44. As — Cu, Cd, Sb, Ni, Co, Fe, Mn, Al. As 
MgNH^AsO^. 

45. As — Pb, Cu, Fe, Mn, Zn. By ignition with 
SinH. 

46. As — Ni, Co. By ignition with S. 

47. Ni, Mn, Zn — Co. With KNO,. 

48. Ni — Co. With HCy. 

49. Ni, Co, Mn, Zn — Fe, Cr, AI. With BaCO,. 
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50. Ni, Co, Mn, Zn, Ba, Sr, Ca, Mg — Fe, AI. 

With succinate of ammonium. 

61. Ni, Co, Mn — Fe. With PbO. 

52. Ni, Co — Fe, Mn. With H,S. 

53. Ni, Co — Fe. With NH^HO. 

54. Ni, Co — Mn. With (NHJjPO^. 

66. Ni. Zn, Al, Ba, Sr, Ca, Mg — Mn. With a. 

66. Ni, Co, Fe, Mn, Al, and Gr. IV. and V. — Zn. 

With HjS. 

67. Ni, Co — Zn. With H. 

68. Ni — Zn. With KCy and K,S. 

69. Ni, Co, Fe, Mn, Zn — Cr, AI. With HjT and 

Na,S. 

60. Ni, Co, Fe, Mn, Zn — Cr. B7 fusion with KNO, 

and NagCOj. 

61. Ni, Co, Fe — AI. By fusion with KHO. 

62. Ni, Co, Zn— Al, Ba, Sr, Ca. With KCy. 

63. Ni, Co, Fe, Mn, Zn — Gr. IV. and V. With 

64. Ni, Co — Ba, Sr, Ca, K, Na, NH^. With H. 

65. Gr. III. and V.— Ba, Sr. With H,SO^. 

66. Gr. ni. — NH^. By ignition. 

67. Co, Mn, Zn, Ba, Sr, Ca,Mg — Fe, AI. With NaÄ. 

68. Co— Mn. WithHCy. 

69. Co — Zn. With HCy. 

70. Fe"— Fe'". 

71. Fe, AI— Mn. Wtth NH^HO. 

72. „ „ The Mn rolumetrically. 

73. Fe, Mn — AI. With NaHO. 

74. Fe — AI. The Fe Tolumetrically. 

75. Fe— Mn— AI — Ca— Mg— K — Na. With 

BaCO,. 

76. Fe — Mn— AI— Ca— Mg— K — Na. With 



NH^A. 



N 2 
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77. Fe — AI— Ca— Mg — K— Na. WithNH^HO. 

78. Fe, Mn, AI — Ba, Sr, Ca, Mg, K, Na. By heat- 

ing the nitrates. 

79. Fe, AI — Ba, Sr, Ca, Mg, E; Na. WithNH^HO. 

80. Fe— Ca, Mg. With BaCO,. 

81. Mn — K, Na, NH^. With a. 

82. Cr — AI. With Na,CO, and KNO,. 

83. „ With a. 

84. Cr- Ba, Sr, Ca, Mg. With Na,CO, and KNO,. 

85. Cr, AI — K, Na. With NH^HO. 

86. Cr, AI — NH^. With KHO. 

87. AI — Ca. With (NHJjÖ. 

88. AI — Ca, Mg. With H,T. 

89. „ With BaCO,. 

90. Ba, — Sr, Ca. With K,COj and K^SO^. 

91. „ With HjSiP,. 

92. Ba — Sr or Ca. Indirectly. 

93. Ba — Ca. With very dilute HjSO^. 

94. „ With NajSjO,. 

95. Ba, Sr, Ca — Mg, K, Na. With (NH^jCO,. 

96. Sr — Ca. With (NH ^,80^. 

97. „ With alcohol and ether. 

98. „ Indirectly. 

99. Ca — Mg. With(NHJjÖ. 

100. „ As sulphates. 

101. Ca — K, Na. With (NHJ,Ö. 

102. Mg — K, Na. With CaH,0,. 

103. „ By evaporating vith H,0. 

104. K — Na. With Pta^. 

105. „ Indirectly. 

106. K, Na— NH^. 

107. Au, Pt — Ag. InaUoys. With HCT + HNO,. 
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108. Au — Other metals except Ag, Pb, Sn, Sb. 

With HjÖ or FeSO^. 

109. Au — Ag, Pb, Hg, Bi, Cu, Cd, Ni, Co, Fe, Mn, 

Zn. In aUoys. With HNO,. 

110. Au — Ag, Pb, Hg, Bi, Cu, Cd, Ni, Co, Pe, Mn, 

Zn. In aUoys. With HjSO^ or KHSO^. 

111. Au — Ag, Pb, Hg, Bi, Cu, Cd, Ni, Co, Fe, Mn, 

Zn. In alloys. With HNO, and HjSO^. 

112. Au — Pb, Bi. WithKCy. 

113. Au, Pt — Sn, Sb, As. By ignition in CI. 

114. Au — Sn. In alloys. 

115. Au — Pt. With FeCl,. 

116. „ With KCl. 

117. „ In platinum ores. 

118. Pt — Hg, Bi, Cu, Cd, Ni, Co, Fe, Mn, Zn. 

With KCl or NH^Cl. 

119. Pt — Ag, Pb, Hg, Bi, Cu, Cd, Ni, Co, Fe, Mn, 

• Zn. In alloys. With KHSO^. 

120. U — Ni, Co, Fe, Mn, Zn. With (NH^,CO, 

and (NHJ,S. 

121. U— Ni, Co, Mn, Zn, Mg. With BaCO,. 

122. U — Fe, AJ. With (NH JjCO,. 

123. U — (Jr. IV. and V. With (NH J,S. 

124. U — Ba, Sr, Ca. With H,SO^. 

125. „ „ WithNH^HO. 

126. U — Mg. With NH^HO, 

127. U — K, Na. With NH.HO. 

128. „ „ WithHjSiF,. 

129. iii — K, Na. With alcohol and ether. 

130. „ „ WithNajHPO^. 

131. Li— NH^. 
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▲flT — Otber Xetals« 

OBAVIMETAICALLT WITH HTDROCHLOKIC ACID. 

1. Precipitate the silver with hydrochloric add, and 
weigh the chloride of silver. 

In the presence of lead, add acetate of sodium before the 
hydrochloric acid, and use no more of the latter than necessary. 

In the presence of mercury (which should be in the dyad 
form), remember that chloride of silver is slightly soluble in 
mercuric nitrate. After the addition of the hydrochloric acid, 
allow to settle, filter off the clear fluid, heat the precipitate, 
to free it from any basic mercury salt, with a little nitric 
acid, add water, then a few drops of hydrochloric acid, and 
collect the chloride of sUver. In the filtrate, determine the 
mercury as sulphide, and finally test this for silver by ignition 
in a current of hydrogen. 

IN ALLOYS VOLUMETRICALLT WITH CHLORIDE OF SODIUM. 

2. (See p. 65.) In presence of mercury (dyad) add acetate 
of sodium first. 

Agr — Pb — HflT — Bl — Cn — Cd. 

3. Add carbonate of sodium, then cyanide of potassium 
in excess, digest for some time at a gentle heat, and filter. 

The precipitate contains the lead and bismuth as carbonates 
with a little alkali. 

To the filtrate add dilute nitric acid, and filter* 

The precipitate contains the silver as cyanide. 

Neutralize the filtrate with carbonate of sodium, add 
cyanide of potassium, and pass sulphuretted hydrogen. Add 
more cyanide of potassium, and filter. 

The precipitate contains the mercury and cadmium. Sepa- 
rate by boiling with dilute nitric add. 

The filtrate contains the copper. 



SEPABATION OF METALS. 183 

Aff — Pb. 

AS CHLORIDES. WITH AltMONU. 

4. The chlorides must be recently precipitated^ and with 
exclusion of light. Treat with ammonia ; the silver dissolves^ 
the lead remains as basic chloride. The chloride of silver 
msLj be thrown down from the filtrate with nitric acid. 

A^ — Pbf OUf tfbO. In Alloys. 

BT CUPELLATION. 

5. The alloy is fused with a sufficient quantity of pure 
lead to give to 1 part of silver, 16 or 20 parts of lead, and the 
product is heated in a muffle in a cupel of bone ash. Lead 
and copper are oxidized and absorbed by the cupel, while the 
silver is left behind in a state of purity. 

VOLUMETRICALLY. BY IODIDE OF STARCH. 

e. See p. 71. 

AiTf Bl, Ou, Od — H^, 

AS SULPHIDES. WITH NITRIC ACID. 

7. Boil the well-washed precipitate of the sulphides with 
pure nitric acid (no chlorine must be present). The sulphide 
of mercury is left, while the other sulphides dissolve. 

Pb — Other metals except A^Ti Bat Sr« Oa. 

AS SULPHATE. 

8. Add a good excess of sulphuric acid, evaporate to a 
small bulk, allow to cool, add water, and filter at once. 
Wash the precipitate with water containing sulphuric acid, 
displace the latter with alcohol, dry, and weigh. 

In the separation of lead from bismuth, H. Rose recommends 
the following modification : — If both metals are present in 
dilute nitric acid solution, as is usually the case, evaporate to 
a small bulk, and add enough chloride of ammonium to dis- 
solve all the oxide of bismuth ; the lead separates partially as 
chloride. Should a portion of the clear fluid become turbid, 
on addition of a drop of water, a little hydrochloric acid must 
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be added. Now add sulphuric acid and alcohol of '8 s.g., 
allow to stand for some time^ filter^ wash the sulphate of lead, 
first with alcohol mixed with a small quantity of hydrochloric 
acid, then with pure alcohol, dry, and weigh. Mix the fil- 
trate with a large quantity of water, and convert the basic 
chloride of bismuth which is thrown down into metaL 

Or. X. 6l XX. — Or. XXX., XV.« ^ V. 

AB SULPHIDES. 

8. Acidify with hydrochloric acid, and pass sulphnretted 
hydrogen. 

In the presence of lead, mercury, bismuth, or cadmium, the 
hydrochloric acid must not be in too large excess. 

In the presence of antimony, tartaric acid must be added. 

In the separation of mercury, bismuth, or cadmium from 
large quantities of zinc, the precipitate must be dissolved and 
reprecipitated with sulphuretted hydrogen. 

In the separation of copper from zinc, a large quantity of 
hydrochloric acid must be present, and the precipitate must be 
roasted, dissolved in aqua regia, and reprecipitated with sul- 
phuretted hydrogen. 

In the separation of arsenic acid from zinc, the former 
must first be reduced to arsenious acid by sulphurous add. 

Fb, Ouv Fe — Zn. Xn alloys. 

BY IGNITION. 

10. Ignite in a porcelain boat, lying in a porcelain 
tube for J hour at the most, in a rapid current of hydrogen. 
Zinc volatilizes, the other metals remain behind. 

Fb— Ba. 

AS SULPHATES. 

With sesquicarbonate of ammonium. 

11. Digest the sulphates at the ordinary temperature 
with a solution of sesquicarbonate of ammonium. The lead 
salt is converted into carbonate, the barium salt remains 
unaltered ; they may now be separated by nitric add. 
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With hyposulphite of sodium. 

12. Digest tlie sulphates at the ordinary temperature 
with a strong solution of hyposulphite of sodium. The sul- 
phate of lead dissolves^ leaving the sulphate of barium. 

13L^ — Most metals. 

BY IGNITION. 

13« On ignition^ the mercury volatilizes. 

TL^ — Moat metala except A^r» 

AS HERCUROUS CHLORIDE. 

14. If the mercury is present in the dyad form^ add 
phosphorous acid. Add hydrochloric acid^ filter through a 
weighed filter, dry at 100^, and weigh. 

In the presence of lead, the precipitate must be washed 
with water of 60-70° till the washings cease to be colored 
with sulphuretted hydrogen. 

In the presence of bismuth, the precipitate is first washed 
with water containing hydrochloric acid, and then with pure 
water. 

In the presence of antimony, tartaric acid must be added 
with the hydrochloric acid. 

Bl — On, Odf and Or. ZZZ., ZT. and V.f ezeept Fe. 

AS OXYCHLORIOE. 

15. Precipitate the bismuth as oxychloride. 

Bi — Gd. 

AS CHROMATE. 

16. Precipitate the bismuth as Chromate. 

WITH NITRATE OF SILVER. 

17. Dissolve the substance in hydrochloric acid^ add 
excess of ammonia^ then nitrate of silver previously mixed 
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with ammonia, so that no precipitation of chloride of sÜTer 
may take place. The operations must be performed in an 
apparatus through which hydrogen is passing, and the 
hydrogen must be washed with ammoniacal solution of silver. 
The reaction which takes place is as follows : — 

AgjO 4- CujO = Agj + 2 CuO. 

The precipitated silver is weighed. The total amount of 
copper is determined in another portion of the substance. 

Cn — Cdf FCf Za; 

AS CUPROUS SULPHOCTANIDB. 

18. Precipitate the copper as cuprous sulphocyanide. 

On — Od. 

AS SULPHIDES. WITH SULPHURIC ACID. 

18. Boil the precipitated sulphides with dilute sfulphuric 
acid (1 part strong acid, 5 parts water), and filter. The sul- 
phide of cadmium dissolves, leaving the sulphide of copper. 



On- 

AS OXALATE. 

20. Add ammonia until the blue precipitate remains un- 
dissolved, then add oxalate of ammonium, which will produce 
a clear fluid. Bender slightly acid with nitric acid, and allow 
to stand. The copper separates almost completely as oxalate, 
which may be converted by ignition in the air into oxide. To 
the filtrate add ammonia and a few drops of sulphide of am- 
monium, in order to throw down the trace of copper still hdd 
in solution. 

Oa— Or. ZZZ.9 ZV. and V. 

AS CUPROUS SULPHIDE. 

21. Acidify with sulphuric acid, and precipitate the 
copper with hyposulphite of sodium. Evaporate the filtrate 
with nitric acid, and then determine the other metals. 
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On— Fa. 

WITH AMMONIA. 

22. The iron must be in the triad state. Add ammonia, 
and filter off the ferric hydrate. The precipitate should be 
dissolved and reprecipitated with ammonia. 

Od — Zn. 

WITH TARTARIC ACID AND POTASH. 

23. Add tartaric acid, and then potash in slight excess, 
dilute, boil for two hours, and filter. The cadmium precipi- 
tates as pure hydrate, firee from alkali. Throw down the zinc 
in the filtrate as sulphide. 

Sn« Sby Aft— AflTf Fbv H^, Blf Oiif Gdf GOf FOi Xn, Zn. 

WITH SULPHIDE OF AMMONIUM. 

24. Digest the freshly-precipitated sulphides with sul- 
phide of ammonium (in presence of stannous sulphide, with 
addition of sulphur) for some time at a gentle heat. Filter 
off the clear fluid, digest the residue once or twice with fresh 
sulphide of ammonium, filter, and wash with water containing 
sulphide of ammonium. The filtrate contains the tin, anti- 
mony, and arsenic. 

In the presence of merciary, traces are liable to pass into 
the filtrate. 

In the presence of copper, and absence of mercnry, use snl- 
phide of sodium instead of sulphide of ammonium. 

Schneider failed to separate dyad tin from bismuth by 
digesting the sulphides with sulphide of potassium. He suc- 
ceeded, however, by dissolving the tartrates in potash, and 
passing sulphuretted hydrogen. 

{For Solid Compounds.) 

BT fusion with CARBONATE OF SODIUM AND SULPHUR. 

25t Fuse the substance with 3 parts of carbonate of 
sodium and 3 parts of sulphur in a covered porcelain crucible, 
and then treat with water. The sulphides of tin, antimony, 
and arsenic dissolve, leaving the other sulphides. 
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In the presence of copper , traces of its sulphide maybe 
dissolved. 

When iron is present^ sometimes a little dissolves, coloTing 
the solution green. In that case, add chloride of annTiniiiiiiii, 
and digest. 

By this means, even ignited stannic oxide may be leadflj 
tested for iron, &c., and the amount of the admixture de- 
termined. 

8a— Affi Vbf Ou, Cd* Mlf Co, Zn. la alloys.* 

AS STANNIC OXIDE. 

26. Treat with nitric acid, and separate the tin as stan- 
nic oxide (p. 86). The filtrate contains the other metals as 
nitrates. 

The stannic oxide is liable to contain traces of lead, 
copper, iron (which may be examined for according to 25)> 
and silica. 

Sa— OOf AOf aad Or. ZZZ., ZV. mad Tm ezoept Fo. 

AS STANNIC HYDRATE. 

27. The tin must be present in the tetrad form. Pre- 
cipitate it as stannic hydrate (p. 86). 

Alloys are dissolved as follows: — First digest with nitric 
acid; evaporate nearly to dryness^ add strong hydrochloric 
acid; allow to stand for half an hour^ and then add water, in 
which the metachloride of tin and other chlorides will dissolve. 

Alloys of tin and ffold are dissolved in aqna regia; the 
excess of acid is evaporated off; and the solution is dilated 
copiously before the tin is precipitated. 

In the presence of phosphoric acid, this acid is precipitated 
entirely or partially with the tin. To purify the stannic hydrate, 
Löwenthal recommends^ after the precipitate has been well 
washed by decantation, to boil with a mixture of 1 part of 
nitric add of 1*2 s.g.; and 9 parts of water^ then to transfer to 
a filter^ and wash thoroughly. 

* In the presence of bismuth and manganese, portions of these metali 
separate with the stannic oxide. In the presence of iron some of the 
stannic oxide dissolves, and cannot be separated by repeated evapo- 
ration. 
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Sn—Ou. Zn aUoys. 

AS STANNIC HYDBATE. 

28. Dissolye in a mixture of 1 part of nitric acid^ 4 parts 
of hydrochloric acid^ and 6 parts of water^ dilute copiously^ 
and heat gently. Add carbonate of sodium tül a distinct pre- 
cipitate forms^ and boil for fifteen minutes. (The precipitate 
should turn black.) Allow to cool^ and then add nitric acid 
drop by drop until the reaction is distinctly acid ; digest the 
precipitate several hours till it is of a fine white colour. The 
stannic oxide thus obtained is free from copper. 

Sny As — 8b. 

BY FUSION WITH SODA. 

28. Fuse the oxides with eight parts of soda in a silver 
crucible. Treat with hot water^ dilute^ add one-third the 
volume of alcohol^ allow to stand twenty-four hours^ filter^ and 
wash first with dilute alcohol^ finally with strong alcohol con- 
taining a little carbonate of sodium. Rinse the antimoniate 
of sodium from the filter^ wash the latter with a mixture of 
hydrochloric and tartaric acids^ dissolve the antimoniate in 
this mixture^ precipitate with sulphuretted hydrogen and weigh 
the antimony. 

Sn — Sb. 

WITH ZINC. 

30. If an alloy is given, dissolve it in hydrochloric acid 
with addition of chlorate of potassium. 

Precipitate both metals with zinc^ remove the zinc and rinse 
it, then treat the precipitate with strong hydrochloric acid 
and filter. The antimony remains undissolved, and may be 
weighed. 

Sttf Sb — As. 

WITH ACID SULPHITE OF POTASSIUM. 

31. The sulphides of tin and antimony are not affected 
by digesting with acid sulphite of potassium, the sulphide of 
arsenic on the contrary is dissolved to arsenite of potassium, 
hyposulphite of potassium being formed. 
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Digest tlie fireshly-precipitated sulphides in a water-btth 
with acid sulphite of potassium^ then boil till the sulphuioas 
acid is expelled, and filter. 

In the presence of tin, the residuary sulphide must be 
washed with strong solution of chloride of sodium^ and finallj 
with acetate of ammonium. 

The arsenic in the filtrate may be estimated as follows— 
precipitate with sulphuretted hydrogen, dry, treat the filter 
and precipitate with fuming nitric acid, dilute, add a httle 
chlorate of potassium, warm gently, and precipitate finally as 
arseniate of magnesiimi and ammonium. 
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32. Mix the oxides with sulphur, and ignite in a porce- 
lain crucible in a current of sulphuretted hydrogen. All the 
arsenic volatilizes. Convert the residual stannous sulphide 
into stannic oxide and weigh. 

AS ARSSNIATB 07 MAGNESIUM AND AMMONIUM. 

33. Digest the oxides obtained by oxidizing with nitric 
acid, with ammonia and sulphide of ammonium. Precipitate 
the arsenic as arseniate of magnesium and ammonium, and 
filter. On acidifying the filtrate the tin separates as stannic 
sulphide. 

IN COMMERCIAL STANNATE OF SODIUM.* 
AS STANNIC ARSENIATE. 

34. Mix with a known quantity of arseniate of sodium 
in excess, add nitric acid in excess ; boil, filter, and wash the 
precipitate. 

The precipitate consists of 2Sn02 . As^O^. lOH^O. On 
ignition it loses its water. Ignite and weigh it. 

Determine the arsenic in the filtrate as arseniate of magne- 
sium and ammonium« 

Calculate the tin from the precipitate, and find the arsenic 
by adding the quantity in the precipitate to the quantity in 

* This salt often contains arseniate of sodiom. 
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the filtrate, and deducting the quantity in the arseniate of 
sodium added. 

IN METALLIC TIN. 
WITH AQUA REGIA. 

35. Dissolve the metal in a mixture of 9 atoms of hydro- 
chloric acid and 1 atom of nitric acid, with the aid of a gentle 
heat. The solution of the tin ensues without CTolution of gas, 
thua — 

2HN03+18Ha + Sn3=8SnClsj+2NHp+6H20. 

The arsenic is left in the form of a powder. Only a slight 
excess of the mixed acids should be present. 

Siif Sbf As (ozygren aoids of) — Or. XV. and ▼. 

BT IGNITION WITH CHLORIDE OF AMMONIUM. 

36. Mix the solid compound with 5 parts of chloride of 
ammonium in a porcelain crucible, coyer it, and ignite gently 
till all the chloride of ammonium is expelled. Mix the residue 
with more chloride of ammonium, and repeat the operation till 
the weight remains constant. The tin, antimony, and arsenic 
escape as chlorides, leaving the chlorides of the other metals. 
The decomposition is most rapid with the alkali metals. 

The stannates and antimoniates of barium, strontium, 
calcium, and magnesium are generally decomposed completely 
by a double ignition with chloride of ammonhim. Antimoniate 
of magnesium cannot, however, be decomposed by this process. 

The arseniates of barium, strontium, and calcium require to 
be ignited 5 times with chloride of ammonium, and the 
arseniate of magnesium cannot be decomposed completely. 

Bb — Other metalB» except Sn. In alloys. 

WITH NITRIC ACID. 

37. Treat with nitric acid, evaporate to dryness on the 
water-bath, take up with water and filter. Convert the preci- 
pitate into binoxide of antimony by ignition. The results are 
only approximate, as a little of the oxide of antimony dissolves. 

Alloys of antimony and lead, containing the former metal 
in excess, should be previously fused with a weighed quantity 
of pure lead. 
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SI» — Pb. Xn alloys. 

38. Treat with a mixture of nitric and tartaric acids, in 
which the alloy will readily dissolve. Precipitate the lead as 
sulphate. To the filtrate add sulphuretted hydrogen, and 
treat the precipitated sulphides with sulphide of ammoninm to 
separate the remainder of the lead. 

8b| As — OUf Hi, €}Ov Fe. 

WITH POTASH AND CHLORINE. 

38. Mix the finely-powdered substance with solution of 
potash^ and conduct chlorine into the fluid. The solution 
contains the antimony and arsenic as antimoniate and arseniate 
of potassium^ the precipitate contains the other metals as oxides. 

Sb — As. 

IN ALLOYS. 
BT FUSION WITH CYANIDE OF POTASSIUM. 

40. Heat the finely divided alloy with 2 parts of carbo- 
nate of sodium and 2 parts of cyanide of potassium in a current 
of carbonic acid. Towards the end ignite strongly till no more 
arsenic comes off. Take care not to inhale the fames ; the 
safest way is io insert the mouth of the tube in which the 
fusion is effected into a flask. Treat the contents of the tube 
first with a mixture of equal parts of alcohol and water^ then 
with water, and weigh the residual antimony. The quanti^ 
of arsenic is found from the loss. This method only yieldb 
approximate results. 

IN COMMERCIAL SULPHIDE OF ANTIMONY. 

41. Mix 20 grm. of the finely-powdered substance with 
40 grm. nitrate of sodium and 20 grm. carbonate of sodium, 
and project the mixture gradually into a red-hot clay crucible ; 
then ignite strongly. Treat repeatedly with water, filter, 
acidify the filtrate with hydrochloric acid, treat with sulphurous 
acid, and precipitate the arsenic with sulphuretted hydrogen. 
Digest the moist precipitate, which contains a little antimony. 



• 
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irith carbonate of ammonium^ filter^ acidify the filtrate^ and 
throw down the arsenic as sulphide. 

As — Mher metals except Sn« Sb. 

BY MOLYBDATE OF AMMONIUM. 

42. The arsenic must be in the form of arsenic acid. 
Precipitate it with molybdate of ammonium in a nitric acid 
solution. Determine the other metals in a separate portion. 

As— Affv Fby Bit Zu, Ba, Sr, Oa, Mgr. 

AS ARSENIATE OF MAGNESIUM AND AMMONIUM. 

43« In the case of arsenites or arseniates^ fuse with 8 
parts of carbonate of potassium and sodium and 1 part of 
nitrate of potassium. 

In the case of alloys^ fuse with 3 parts of carbonate of 
sodium and 3 parts of nitrate of potassium. In the presence 
of much arsenic in an alloy^ a small quantity might be lost by 
volatilization. It is better therefore under these circum- 
stances to first oxidize with nitric acid^ and evaporate to dry- 
ness before fusing. 

If only a small quantity of arsenic is present, a platinum 
crucible may be used for the fusion. 

Boil the fused mass with water^ filter^ and precipitate the 
arsenic in the solution as arseniate of magnesium and am-« 
monium. 

As — CUt Od| Sby Nil COf FSf Mnf Al. 

AS ARSENIATE OF MAGNESIUM AND AMMONIUM. 

44. The arsenic must be in the form of arsenic acid. 
'Mix the solution with tartaric acid^ precipitate the arsenic as 
arseniate of magnesium and ammonium^ wash the precipitate 
a little^ dissolve it in hydrochloric acid^ add a very little 
tartaric acid, and reprecipitate by ammonia. 

In the presence of aluminium, before this metal can be esti- 
mated in the filtrate, the tartaric acid must be destroyed by 
eyaporating and fusing with carbonate of sodium and nitrate 
of potassium. 

This method is not well adapted for the separation of very 
small quantities of arsenic. 

o 
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As — Fb, On« Fef BCn« Zn. 

BY IGNITION WITH 8ULFHUB IN HTDROGSN. 

45. Mix with sulphur and ignite in a current of hydro- 
gen (under a good draught)^ repeating the operation till the 
weight remains constant. If the substance has been well 
mixed with sulphur one ignition usually suffices. The arsenic 
volatilizes, leaving the other metals as sulphides^ which may 
be weighed as such. 

As — VU Co. 

BT IGNITION WITH SULPHUR. 

46. Mix with sulphur and ignite moderately for some 
time. The arsenic volatilizes. 

In the presence of cobalt^ the residue must be oxidized with 
nitric acid, dried, mixed with sulphur, and reignited. 
Smaltine and cobaltine mav be treated in this manner. 

Nif BCiif Zn — Co. 

WITH NITRITE OF POTASSIUM. 

47. Evaporate to a small bulk and neutralize with 
potash. Add a strong solution of nitrite of potassium (pre- 
viously neutralized with acetic acid, and filtered from any 
flocks of silica and alumina which may have separated), and 
finally, acetic acid till the fluid is distinctly acid. Allow to 
stand for 24 hours in a warm place, and then take out a 
portion of the clear fluid with a pipette, mix it with more 
nitrite of potassium, and allow to stand some time, to see if 
any further precipitate forms. 

This is the most satisfactory way of separating nickel from 
cobalt. 



. — Co. 

WITH HYDROCYANIC ACID. 



48. Mix the solution with hydrocyanic acid, and add 
potash till a clear solution is produced. Then boil ; in this 
process the cyanide of cobalt and potassium is converted into 
cobalticyanide of potassium, while the cyanide of nickel and 



8EFABATI0N OF METALS. 195 

potassium remains unaltered. Add to tfaie hot solution pre- 
cipitated mercuric oxide^ and boil. 

The precipitate contains the nickel as a mixture of sesqui- 
oxide and cyanide. On ignition it yields oxide of nickel^ and 
may be weighed. 

Nearly neutralize the filtrate with nitric acid^ and add a 
nearly neutral solution of mercurous nitrate. The white pre- 
cipitate of cobalticyanide of mercury contains the cobalt ; on 
ignition in the air it gives protosesquioxide of cobalt and may 
he weighed. 

Chloride of soda may be used instead of oxide of mercury 
for precipitating the nickel. 

If iff Co Mn, Zn — F6f Or, Al. 

WITH CABBONATE OF BARIUM. 

4Bm The iron must be in the triad state. Sulphuric acid 
must be absent. The solution should be slightly acid. Add 
chloride of ammonium (to prevent coprecipitation of traces of 
nickel) and carbonate of barium ; then allow to stand in a 
closed flask in the cold, with occasional shaking. The iron, 
chromium, and aluminium are precipitated (chromium requires 
most time). Traces of cobalt are sometimes coprecipitated. 

Mly Coy BKn, Zn, Ba, Sr, Ca* Mgr— Fe, AI. 

WITH SUCCINATE OF AMMONIUM. 

50. The solution should not contain a large quantity of 
sulphuric acid. Add ammonia till the color is reddish-brown, 
then acetate of sodium till the color is deep red ; finally, pre- 
cipitate with succinate of ammonium at a gentle heat. The 
iron and aluminium are thrown down. 

"With proper care the separation is complete, and especially 
to be recommended when much iron is present. 

NifOo, Mn— re. 

WITH OXIDE OF LEAD. 

51. The metals should be in nitric acid solution^ and the 
greater portion of the acid should be removed by evaporation. 

o 2 
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The iron must be in the triad state. Mix the solution with 
oxide of lead^ and boil for ten minutes. The iron is preci- 
pitated as a basic salt^ while the other metals remain in 

solution. 

Mlf Co — Fe« Kn. 

WITH SULPHURETTED HYDROGEN. 

52. The solution should be free from nitric add. 

Neutralize with ammonia^ add sulphide of ammonium and yerj 

dilute hydrochloric acid (or^ in the absence of iron, acetic 

acid), and saturate with sulphuretted hydrogen. The mckd 

and cobalt are precipitated. Traces of nickel may, howcTer, 

remain in solution. 

Nl,Co— re. 

WITH AMMONIA. 

53. Small quantities of iron in the triad state may be 
almost completely separated by mixing with chloride of 
ammonium, adding ammonia, partially washing the preci- 
pitate, redissolving in hydrochloric acid, reprecipitating with 
ammonia, and repeating the operation a third time. The 
nickel and cobalt in the filtrate may be precipitated by 
adding sulphide of ammonium, and neutralizing with acetic 

acid. 

Nif Oo — Xn. 

WITH PHOSPHATE OF AMMONIUM. 

54. Mix the warm solution of the sulphates or chlorides 
with chloride of ammonium and ammonia, then with phus- 
phoric acid ; the ammonia must still remain in excess. The 
manganese falls down as a white precipitate, MnNH^PO^ . H^O, 
which is converted into Mn^fi^ on ignition, and may be thus 
weighed. 

In the presence of cobalt the precipitate should be dissolved 
in hydrochloric acid, and reprecipitated with ammonia, in 
order to free it from a small quantity of that metal which it 
may contain. 

iriy Zttf Alf Baf Sri Caf Mir— Xn. 

WITH CHLORINE. 

55. Nearly neutralize, add acetate of sodium, and then 
chloride of soda, warming to 50 or 60^, and keeping the fluid 
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acid witli acetic acid. The manganese precipitates as bin- 
oxide^ in conjunction with a little alkali^ which cannot be 
^w^ashed out. To determine the manganese^ dissolve the precipi- 
tate in hydrochloric acid and throw it down again with car- 
'bonate of sodium. 

Nl, COy FOf Wnf Al and Or. ZV. and V. — Zn. 

WITH SULPHURETTED HYDROGEN. 

56. The solution must contain the metals as acetates, 
and must be free from inorganic acids. Supposing you have 
a sulphuric acid solution^ proceed as follows : — ^Add excess of 
acetate of barium^ and acetic acid if the fluid is not sufficiently 
acid^ and then^ without filtering off the sulphate of barium, 
pass sulphuretted hydrogen. The zinc alone is precipitated. 
If the precipitate is grey from presence of iron, apply a gentle 
beat, and again pass sulphuretted hydrogen. Wash the pre- 
cipitate with water containing sulphuretted hydrogen, extract 
the zinc by hydrochloric acid, and precipitate in the usual way. 

Ni, Co — Zn. 

BT lONITION IN HYDROGEN. 

57. Precipitate with carbonate of sodium as directed for 
zinc, p. 105, wash, dry, ignite, and weigh. Rub to powder 
and heat to incipient redness in a slow current of hydrogen. 
The nickel and cobalt are reduced to metal, the zinc remains 
as oxide. Digest for 24 hours at a gentle heat with a strong 
solution of carbonate of ammonium, and filter. Wash the 
residue with carbonate of ammonium and weigh the metal. 
Evaporate the filtrate to dryness, ignite, and weigh the oxide 
of zinc which remains. 

Nl — Zn. 

WITH CYANIDE AND SULPHIDE OF FOTASSHTM. 

58. Add excess of pure potash, and then hydrocyanic 
acid till the precipitate is redissolved. Add sulphide of 
potassium (K^S), and allow the precipitate to deposit at a 
gentle heat. Filter off the sulphide of zinc^ and determine 
the nickel in the filtrate by evaporating with hydrochloric 
acid and chlorate of potassium^ and precipitating with potash. 
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Vif COf Fef M&f Zn— Cfi AL 

WITH TARTARIC ACID AND ALKALINE SULPHIDE. 

58. Add tartaric acid, and thea pure potash until tlie 
solution is clear again^* add sulphide of sodium^ allow to 
deposit^ and wash the precipitate with water containing sul- 
phide of sodium. The chromium and aluminium are contained 
in the filtrate^ which must be mixed with nitrate of potassium, 
evaporated to dryness and fused. 

In the absence of chromium^ it is better to precipitate with 
ammonia and sulphide of ammonium instead of with potash 
and sulphide of sodium. 

Hit C09 Fe« Mut Zn — Cr. 

BY FUSION WITH NITRATE OF POTASSIUM AND CARBONATE OP 

SODIUM. 

60. Fuse the oxides with nitrate of potassium and car- 
bonate of sodium^ boil with water^ and add some alcohol (to 
throw down any manganic and permanganic acids as binoxide of 
manganese). The chromium dissolves as chromic acid^ the other 
metals remain as oxides. 

Nil Co, re — Al. 

BY FUSION WITH POTASH. 

61. Fuse the oxides with potash in a silver cracible, 
and boil with water. The aluminium dissolves. 

r 

Nif C09 Zn — Alf BSf Sr« Ca. 

WITH CYANIDE OF POTASSIUM. 

62. Add carbonate of sodium in excess^ then cyanide of 
potassium^ digest in the cold^ and filter. The filtrate con- 
tains the nickel^ &c.^ the precipitate^ the aluminium, &c. In 
the separation of aluminium it must be remembered that the 
precipitate contains alkali. 

* Chromium and zinc cannot be obtained together in alkaline solntioii. 
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Nl, C09 FOf Kn, Zn— Or. ZV. aad V. 

WITH SULPHIDE OF AMMONIUM. 

G3. Add chloride of ammonium, neutralize with ammonia, 
transfer to a flask, add yellow sulphide of ammonium saturated 
with sulphuretted hydrogen, close the flask, and allow to stand 
some time. Wash the precipitate with water containing sul- 
phide of ammonium. If the filtrate is brownish from nickel, 
acidify it with acetic acid, boil, and filter. 

In the presence of metals of Gr. IV., if their quantity is 
considerable, it is well to treat the slightly washed precipitate 
with hydrochloric acid (you need not dissolve the sulphides of 
nickel and cobalt if they are present), to heat the solution 
gently, and then to reprecipitate with sulphide of ammonium. 

To separate nickel and cobalt only, you may add excess of 
acetic acid immediately after the sulphide of ammonium, and 
filter. 

To separate cobalt only, you may immediately after the 
addition of the sulphide of ammonium, boil to expel ammonia, 
add a few drops of sulphide of ammonium, and filter. 

Nif Oo — Bai Sr, Ca* &, Ha^ VtlEl^m 

BT IGNITION IN HYDROGEN. 

64. Ignite the chlorides ip hydrogen. The nickel and 
cobalt are reduced to metal. 

Or. in. and ▼. — Baf Sr. 

WITH SULPHURIC ACID. 

65. Mix with sulphuric acid. The barium and strontium 
are thrown down. 

Or. XXZ. — VU^. 

BY IGNITION. 

66. Mix with a weighed quantity of carbonate of sodium 
and ignite. 

OOf Knf Zn, Bai Sr, Ca, Kgr — Fe, AI. 

WITH ACETATE OF SODIUM. 

67. The iron must be in the triad state. Precipitate the 
iron and aluminium as basic acetates (p. 99). 
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Oo- 

WITH HTDBOCYANIC ACID. 

68. Mix the solution with plenty of hydrocyanic acid, 
add potash and warm. The greater part of the mangane^ 
separates as cyanide^ filter it off. Boil to convert the cobalt 
into cobalticyanide of potassium. Add mercuric oxide, boil 
again and filter. 

The precipitate contains oxide of mercury and the rest of 
the manganese. Mix it with the former precipitate and 
ignite ; the residue consists of protosesquioxide of manganese. 

Nearly neutralize the filtrate with nitric acid^ and add 
nearly neutral mercurous nitrate. The white precipitate of 
cobalticyanide of mercury contains the whole of the cx>balt; 
on ignition in the air it gives protosesquioxide of cobalt, and 
may be thus weighed. 

Go — Zn. 

WITH HYD&OCYANIC ACID. 

68. The solution should contain free hydrochloric acid. 
Add more than enough common cyanide of potassium to re- 
dissolve the precipitate first formed, and boil for some time, 
adding a drop or two of hydrochloric acid occasionally, but 
not enough to make the solution acid. Add excess of hydro- 
chloric acid, and boil till the cobalticyanide of zinc first pre- 
cipitated is dissolved, and the hydrocyanic acid is completely 
expelled. Add potash in excess and boil. The solution, which 
should be clear, contains the cobalt as cobalticyanide of potas- 
sium, the zinc as oxide dissolved in potash. Precipitate the 
zinc with sulphuretted hydrogen. 

To the filtrate add excess of nitric acid, boil to expel sul- 
phuretted hydrogen, nearly neutralize with potash, and add 
nearly neutral mercurous nitrate. The cobalt is thrown down 
as a white precipitate consisting of mercurous cobalticyanide. 
On ignition in the air the precipitate is converted into proto- 
sesquioxide of cobalt and may be thus weighed. 



Pe"— 



'f ^t^i» 



70. If the substance is difficultly soluble it may be dis- 
solved by warming with a mixture of 1 vol. strong sulphuric 
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acid^ 2 vols, water, and 1 vol. strong hydrochloric acid ; or it 
may be dissolved by heating in a sealed tube at 210° with 
hydrochloric acid, or with a mixture of 4 vols, strong sulphuric 
acid and 1 vol. water. 

Determine in one portion the triad iron ; and in another 
portion estimate the total iron, after oxidation of the dyad 
iron. 

re, Al— Mn. 

WITH AMMONIA. 

71. The iron should be in the triad state. Add chloride 
of ammonium and boil, then add ammonia in slight excess, 
and boil till all ammonia is expeUed. The iron and aluminium 
are precipitated. If much manganese is present, after having 
partially washed the precipitate, dissolve it in hydrochloric 
acid, and reprecipitate it with ammonia. 

THE MANGANESE VOLUMETBICALLT. 

72. Precipitate with carbonate of sodium, digest the pre- 
cipitate for some time with the fluid, wash first by decantation, 
then on the filter, dry and ignite. The manganese is present 
as MujO^; determine it by boiling with hydrochloric acid, 
passing the chlorine produced into iodide of potassium and 
titrating the iodine. See p. 156. MnjO^-f8HCl=8MnCl3+ 
C1,+4H20. 

FOf BKn — Al. 

{In presence of small quantities of Manganese,) 

WITH SODA. 

73. Boil the acid solution, remove the flame, and reduce 
the iron with sulphurous acid. Boil again for some time, 
neutralize with carbonate of sodium, add excess of pure soda, 
and boil again (in a silver or platinum dish). Allow the pre- 
cipitate to subside, filter off the clear fluid, boil the precipitate 
again with fresh soda, and then wash it. 

The precipitate contains the iron and manganese. 
Acidify the filtrate with hydrochloric acid, and precipitate 
the aluminium with ammonia. 
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Fe— AL 

THE IKON TOLUMETBICALLY. 

74. Divide the solution into two eqaal parts. In one 
half precipitate the. oxides with ammonia^ and determine their 
joint amount. In the other half determine the iron volu- 
metrically. The aluminium is found by difference. 

If you have to separate the two metals in a, weighed pre- 
cipitate of the oxides^ you may dissolve it by digesting with 
strong hydrochloric add^ or by fusing with acid sulphate of 
potassium. 

Fe — Vn— Al— Ca— KiT— K— Va. 

WITH CARBONATE OF BARIUM. . 

{In pre$enc€ of small qttantities of Calcium,) 

75. Precipitate the iron and aluminium by carbonate of 
barium. In the filtrate precipitate the manganese by sulphide 
of ammonium ; dissolve the precipitate in hydrochloric acid, 
add sulphuric acid^ filter^ and estimate the manganese. Treat 
the filtrate from the sulphide of manganese with sulphuric 
acid^ filter^ and precipitate the calcium by oxalate of am- 
monium. Evaporate the filtrate from the oxalate of calcium 
to dryness, ignite, and separate magnesium, potassium and 
sodium. 

In cases where there is much aluminium, and little iron 
and manganese, saturate the rather acid solution with chlorine, 
and precipitate the iron, manganese, and aluminium with 
carbonate of barium. Dissolve the precipitate in hydrochloric 
acid, throw down the barium by the least excess of sulphuric 
acid, precipitate the three metals with carbonate of sodium, 
wash well, dry, ignite, and weigh. The manganese is present 
as MogO^. Determine the manganese by boiling with strong 
hydrochloric acid, passing the evolved chlorine into iodide of 
potassium, and titrating the liberated iodine (p. 156) ; determiue 
the iron volumetrically ; and determine the aluminium by 
difference. There is an objection to this last method, as the 
mixed oxides are liable to retain a little of the alkali used as 
precipitant. 
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WITH ACBTATE OF AMMONIUM. 

76. If a large excess of acid is present^ remove it by- 
evaporation^ nearly neutralize with carbonate of ammonium^ 
add acetate of ammonium^ and boü. The iron and aluminium 
are precipitated. Dry^ ignite^ and weigh the precipitate^ re- 
dissolve in hydrochloric acid and estimate the iron volnme- 
trically; find the aluminium from the difference. If any 
silicic acid remains behind on dissolving the precipitate^ collect 
and weigh it^ and deduct it from the alumina. 

In the filtrate^ precipitate the manganese by sulphide of 
ammonium. Boil the filtrate with hydrochloric acid; filter 
off the sulphur, precipitate the calcium with oxalate of am- 
monium, and separate magnesiumy polassium, and sodium in 
the filtrate. 

re — JU — Cs— XflT — B. — Na. 

BY AMMONIA. 

77. Add chloride of ammonium and ammonia, and boil 
till the excess of ammonia is expelled. The precipitate con- 
tains iron, aluminium, and traces of magnesium. Weigh the 
precipitate, dissolve it in hydrochloric acid, estimate the iron 
volumetrically, and the aluminium by difference. If silica 
remains behind on dissolving the precipitate in hydrochloric 
acid, determine it and deduct it from the alumina. 

If a large excess of aluminium or magnesium is present, 
instead of treating the ammonia precipitate as above, dissolve 
it in hydrochloric acid, add pure potash in excess, heat, filter 
and separate the iron and traces of magnesium in the pre- 
cipitate by dissolving in hydrochloric acid and reprecipitating 
with ammonia. 

* 

Mix the filtrate from the ammonia precipitate with hydro- 
chloric add, concentrate by evaporation, precipitate the calcium 
with oxalate of ammonium, and separate magnesium, potassium, 
and sodium in the filtrate. 

r6f ain, Al— Ba« Sr, Ca, KgTf Kt Va. 

BY HEATING THE NITRATES. 

78. The metals must be present as pure nitrates. Evapo- 
rate to dryness in a platinum dish, and heat, with the cover 
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on, in a sand- or air-bath^ at 200-250^, until no more nitric 
acid fumes form. The nitrates of aluminium^ iron and man- 
ganese are converted into oxides^ which are^ of course^ insoluble 
in water. Boil with water^ wash the residue with boiling 
water^ and ignite it in the platinum dish. 

In the presence of magnesium some of its nitrate is rendered 
basic^ and becomes insoluble in water. In this case^ before 
treating with water moisten with a strong solution of nitrate 
of ammonium, and heat gently. 

FOf Al — Ba, SFf Ca, MgTf Kf Va« 

WITH AMMONIA. 

78. The iron must be in the triad state. Mix with 
chloride of ammonium, boil, add slight excess of ammonia, 
and boil till the excess of the latter is expelled. The ircm 
and aluminium are precipitated. 

Fe— Ca, Mir« 

WITH CARBONATE OF BARIUM. 

80. The iron must be in the triad state. Digest in the 
cold with carbonate of barium. The iron is precipitated. 

Mn — flb, Na, 1XWL4* 

WITH CHLORINE. 

81. Saturate the solution with chlorine, and precipitate 
the manganese as sesquioxide by adding carbonate of baiium. 

Cr— Al. 

BY FUSION WITH CARBONATE OF SODIUM AND NITRATS OF 

POTASSIUM. 

82. Heat the substance to fusion with 4 parts of car- 
bonate of sodium, and 2 parts of nitrate of potassium in a 
platinum crucible, treat with water, add hydrochloric acid, and 
evaporate with addition of chlorate of potassium (to prcTent 
reduction of phromic acid bj nitrous add). Dilute and pre- 
cipitate the aluminium with ammonia. The chromium remains 
in solution as alkaline Chromate. 
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BY CHLOAINE. 

83. Add potash in excess to the solution^ and pass 
chlorine. The chromium will be converted into chromic acid, 
and the aluminium wül be partially precipitated. Heat, add 
carbonate of ammonium, warm, and precipitate the rest of 
the aluminium. 

Or— Ba« STf Ca, Kg'.* 

BY FUSION WITH CARBONATE OF SODIUM AND NITRATE OF 

POTASSIUM. 

84. Heat to fusion with 2J parts of carbonate of sodium 
and 2J parts of nitrate of potassium in a platinum crucible. 
On treating with water the chromium dissolves as alkaline 
Chromate, and the other metals remain behind, 

Cr« JU — &, Na. 

BY AMMONIA. 

85. Precipitate the chromium and aluminium with am- 
monia. Evaporate and ignite the filtrate, to remove ammonium 
salts. 

Cr, JU — NB«^ 

WITH POTASH. 

86. Estimate the ammonium by boiling with potash, and 
determine the chromium and aluminium in the fluid. 

Al— Ca. 

WITH OXALATE OF AMMONIUM. 

87. Add ammonia till a permanent precipitate forms, 
then acetic acid till the precipitate redissolves, then acetate of 
ammonium, and finally oxalate of ammonium, and allow the 
precipitate to deposit in the cold. In order to throw down the 
aluminium from the filtrate, add ammonia, and digest for some 
time in the heat.f 

* Chromium cannot be separated from these metals by ammonia, since 
even when carbonic acid is completely excluded, the hydrate of chromium 
carries down portions of the other metals with it. Calcium cannot be 
completely separated from chromium by oxalate of ammonium. 

t Aluminium is not precipitated at once in presence of oxalate of 
ammonium. 
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JU— Ca, Kff. 

(In presence of small quantities of Calcium.) 

WITH TARTARIC ACID. 

88. Add tartaric acid^ supersaturate with ammonia, and 
precipitate first the calcium with oxalate of ammonimn, then 
the magnesium with phosphate of sodium. The magneäuin 
precipitate may contain traces of basic tartrate of magneniim, 
it should therefore be dissolved in hydrochloric acid and lepe- 
cipitated with ammonia. 

To determine the aluminium in the filtrate^ eyaporate, ignite 
with carbonate of sodium and nitrate of potassium^ dissolye in 
hydrochloric acid^ and precipitate with ammonia. 

WITH CARBONATE OF BARIUM. 

88. Add carbonate of barium and allow to stand in the 
cold. In the precipitate separate the barium from the alumi- 
nium. In the filtrate^ separate the barium by Yeiy dilute 
sulphuric acid (I in 300). 

Ba--8r, Oa. 

WITH CARBONATE AND SULPHATE OF POTASSIUM. 

80. Boil the precipitated sulphates for some time with & 
solution of 3 parts of carbonate of potassium (not sodium)^ and 
1 part of sulphate of potassium. The sulphate of barium 
remains unchanged^ the other sulphates are converted into 
carbonates. Collect on a filter^ wash and treat with cold dilute 
hydrochloric acid which will dissolve the strontium and calcium, 
leaving the barium. 

If the metals are in solution^ the solution of sulphate and 
carbonate of potassium may be added at once^ and the whole 
boiled. 

WITH HYDROFLUOSILICIC ACID. 

81. The solution should be neutral or but slightly acid. 
Precipitate the barium with hydrofluosilicic acid,* add a 
volume of alcohol equal to that of the fluid, and allow to stand 
twelve hours. Collect the precipitate on a weighed filter, wash 

* If not kept in a gutta-percha bottle, it should be freshly prepared. 
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lifith a mixture of equal parts of alcohol and water until tbe 
washings are no longer acid^ and dry at 100°. Precipitate the 
other metals from the filtrate by sulphuric acid. 

Ba-— Sr or Csa 

INDIRECTLY. 

d2. The two metals are weighed together as carbonates^ 
the carbonic acid is estimated and the metals calculated. The 
carbonic acid is estimated from the loss of weight on fusion 
with borax. The calculations are made as follows. 

In the separation of barium from strontium : — Calculate the 
carbonic acid into carbonate of strontium^ subtract this 
from the weight of the mixed carbonates^ and multiply the 
remainder by 2* 7677, the product is the barium.* To find the 
strontium, calculate the barium into carbonate, subtract this 
from the weight of the mixed carbonates, and the remainder 
will be the carbonate of strontium. 

In the separation of barium from calcium : — Calculate the 
carbonic acid into carbonate of calcium, subtract this from the 
freight of the mixed carbonates, and multiply the remainder 
by 1*4124, the product is the barium. (For the method of 
obtaining this rule, see foot-note.) To find the calcium, calcu- 
late the barium into carbonate, subtract this from the weight 
of the mixed carbonates, and the remainder will be the carbo- 
nate of calcium. 

Bs— Cs. 

{In presence of small quantities of Barium,) 

WITH VERY DILUTE SULPHURIC ACID. 

83. Add hydrochloric acid and then sulphuric acid diluted 
with 300 parts of water, allow the sulphate of barium to settle 
and weigh it. Concentrate the washings by evaporation, add 

• This rule is obtained as follows: — Patting d for the difference 
between the mixed carbonates and the carbonic acid calculated into car- 
bonate of strontium, and x for the barium present, we have 

at. wt. of Ba — at. wt. of Sr : at. wt. of Ba : :.d : x 
.: . 49-5 : 137 : : i : a? 

= 27677i 
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them to the filtrate^ neutralize with ammonia^ and precipitate 
the calcium with oxalate of ammonium. 

{Ftyr the Sulphates.) 

WITH HYPOSULPHITE OF SODIUM. 

04. Treat the sulphates repeatedly at a gentle beat with 
solution of hyposulphite of sodium. The sulphate of barium 
remains unaltered^ the calcium dissolves^ and may be precipi- 
tated in the filtrate by oxalate of ammonium. 

Bftf Sr, Cs ~ BKiTi T^ Va. 

WITH CARBONATE OF AMMONIUM. 

85. Dilute^ add chloride of ammonium^ ammonia in 
slight excess^ and then carbonate of ammonium, and aUow to 
stand. The precipitate contains the barium, strontium, and 
calcium ; the filtrate contains the other metals. 

Strictly speakings however, the precipitate may contain a 
little magnesium, and the filtrate stUl contains minute traces 
of barium and calcium. 

In very accurate separations the filtrate should be treated 
with 8 or 4 drops (not more) of sulphuric acid, and then with 
oxalate of ammonium, and allowed to stand for twelve hour^. 
The precipitate should be collected on a filter, washed, and 
then treated with dilute hydrochloric acid, which dissolves 
oxalate of calcium, leaving the sulphate of barium. 

Sr~Ca. 

WITH SULPHATE OF AMMONIUM. 

86. Boil the sulphates with a strong solution of sulphate 
of ammonium, renewing the water which evaporates, and 
adding a little ammonia (as sulphate of ammonium becomes 
acid on boiling). The sulphate of calcium dissolves, leaving 
the sulphate of strontium combined with a little sulphate of 
ammonium. Filter and wash the residue with a strong solu- 
tion of sulphate of ammonium. 

If the metals are in solution, concentrate by evaporatioD., 
add about 50 times the weight of the metals present of sul- 
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phate of ammonium dissolved in four parts of water^ boil and 
proceed as above. 

WITH ALCOHOL AND ETHER. 

87. Treat the nitrates with a mixture of equal volume 
of absolute alcohol and ether. The nitrate of strontium re- 
mains; while the nitrate of calcium dissolves. Wash with the 
mixture of alcohol and ether. 

INDIRECTLY. 

88. The two metals are weighed together as carbonates^ 
the carbonic acid is estimated^ and the metals calculated. The 
carbonic acid is estimated bj the loss of weight on ignition^ the 
carbonates being pressed down in the crucible^ and ignited over 
the blowpipe till the weight remains constant; the substance 
forms a cake in the crucible, which should be turned over 
every now and then. The calculation is made as follows : — 

Calculate the carbonic acid into carbonate of calcium, sub- 
tract this from the weight of the mixed carbonates, and mul- 
tiply the remainder by 1*8421 ; the product is the strontium. 
(For the method of obtaining this rule, see footnote, p. 207.) 
To find the calcium, calculate the strontium into carbonate, 
subtract this from the weight of the mixed carbonates, and the 
remainder will be the carbonate of calcium. 

Ca — Mgr- 

WITH OXALATE OF AMMONIUM. 

88. Add chloride of ammonium, ammonia in slight excess, 
and oxalate of ammonium. The oxalate of ammonium must 
be added in sufficient quantity, not only to precipitate the 
calcium but also to convert the magnesium into oxalate. 
This excess of oxalate of ammonium is indispensable, as oxalate 
of calcium is slightly soluble in chloride of magnesium not 
mixed with oxalate of ammonium. Allow to stand twelve 
hours before filtering. 

Unless the quantity of magnesium is very small, traces 
will be precipitated with the calcium. To separate these traces, 
after having washed the oxalate of calcium once, dissolve it in 
hydrochloric acid and reprecipitate it. 

In the presence o{ phosphoric add. Add ammonia to the 



210 SEFABATION. 

solution of the two metals^ until a copious precipitate forms, 
redissolve the precipitate in acetic acid, and throw down 
the calcium with oxalate of ammonium. The precipitate 
contains a trace of magnesium^ and the filtrate a trace of 
calcium. 

{In presence of small quantities of calcium,) 

AS SULPHATES. 

100. Convert into neutral sulphates^ dissolve in water, 
add alcohol with constant stirring till a permanent precipitate 
is produced^ and allow to stand a few hours. Filter, wash the 
precipitated sulphate of calcium with alcohol diluted with an 
equal volume of water, ignite, and weigh it. After weighing, 
test it for magnesium. 

Ca — &« Na. 

WITH OXALATE OF AMMONIUM. 

101. Precipitate the calcium with oxalate of ammonium. 
To determine the mixed alkalies in the filtrate, evaporate, 
ignite, treat with hydrochloric or sulphuric acid, and reignite. 
This treatment with acid and reignition is necessary, because 
the chlorides of potassium and sodium are partially decomposed 
by ignition with oxalate of ammonium. 

WITH MILK or LIME. 

102. Add pure milk of lime, boil, filter, and wash. In 
the filtrate, separate the calcium from the alkali metals by 
oxalate of ammonium. 

This is a very convenient method, where the alkali metals 
only are to be estimated. 

BY EVAPORATING WITH OXALIC ACID. 

103. The metals must be in the form of chlorides or 
nitrates. Add pure oxalic acid in sufficient quantity to convert 
all the metals present into quadroxalates, evaporat« to dryness 
in a platinum dish and ignite. The residue contains the alkaU 
metals, partly as chlorides and partly as carbonates, and the 
magnesium as magnesia. Extract with small quantities of 
water and weigh the magnesia. Determine the alkali metals 
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in the filtrate by adding hydrochloric acid, evaporating and 
igniting. 

WITH CHLORIDE OP PLATINUM. 

104. The metals must be present in the form of chlorides. 
Determine the total quantity of the chloride of potassium, and 
the chloride of sodium, dissolve in a little water, and add 
excess of chloride of platinum. The chloride of platinum 
should be added in sufficient quantity not only to precipitate 
the potassium, but to form a double salt with the sodium. 
[Evaporate on a water bath, nearly to dryness, treat with alcohol 
of s.g. '86 to "87, cover with a glass plate, and set aside for a 
few hours. The supernatant fluid should, of course, be deeply 
colored. Pour oflF the clear fluid through a weighed filter, 
and examine the precipitate with a lens to see whether white 
particles of chloride of sodium are present. If chloride of 
sodium is present, add to the precipitate some water, then 
more chloride of platinum, and evaporate nearly to dryness 
again. Finally transfer the precipitate to the filter, wash 
with alcohol of s.g. '86 to '87, and estimate the potassium in 
the usual manner. 

The sodium is estimated by difference. 

There is always a slight loss amounting to about 1 per cent. 
on the potassium. 

In the presence of sulphuric add, weigh the metals as neutral 
sulphates, dissolve in a little water, and add an alcoholic 
solution of chloride of strontium, slightly in excess. The 
quantity of alcohol present must not be sufficient to precipitate 
chloride of potassium or sodium. Allow to settle, filter, and 
wash the sulphate of strontium with weak alcohol, until the 
washings leave no residue on evaporation. Evaporate the fil- 
trate until the alcohol is driven off, dissolve the residue in a 
little water, and proceed as above. 

When the mixed chlorides contain only a little sulphuric 
acid, the latter is best removed by mixing with chloride of 
ammonium, moistening, drying, and igniting. 

p 2 
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INDIRECTLY. 

105. Weigh the mixed chlorides or Bulphates. Estimate 
the chlorine^ or sulphuric acid^ and calculate the potassium 
and sodium present. 

This method is not applicable when one of the metals is 
present in small quantity. 

The calculations are made as follows : — 

For the chlorides. — Calculate the chlorine into chloride of 
sodium^ subtract this from the weight of the mixed chlorides, 
and multiply the remainder by 2'4285 ; the product is the 
potassium.^ To find the sodium, subtract the sum of the 
potassium and ghlorine from the mixed chlorides. 

For the sulphates, — Calculate the sulphuric acid into sul- 
phate of sodium, subtract this from the weight of the mixed 
sulphates, and multiply the remainder by 2*4285, the product 
is the potassium."^ To find the sodium, calculate the potas- 
sium into sulphate, subtract this from the weight of the mixed 
sulphates, and the remainder will be the sulphate of sodium. 

S, Ns — MB«. 

106.' In some few cases the ammonium may be estimated 
by the loss on ignition. In many cases, however, the am- 
monium must be determined in one portion of the substance, 
and the potassium and sodium in another portion, after the 
ammonium has been expelled by heat. 

AUf Ft— Agr- In Alloys. 

WITH AQUA REGIA. 

107. Treat the substance with cold dilute aqua regia; 
the gold and platinum dissolve, leaving the silver. In the 
case of alloys of gold and silver this method is not applicable 
if more than 15 per cent, of silver is present. 

* This rule is obtained as follows : — ^Putting d for the difference between 
the mixed salts and the chlorine or sulphuric acid calculated into sodrom 
salt, and x for the potassium present, we have 

at. wt. of K — at. wt. of Na : at. wt. of K : : i : a^ 
.•.161 : 391 : : d : « 

= 2-4285 X (2 
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An — Otber metals except AgTf ^^9 Sn« Sb. 

WITH OXALIC ACID OE FERROUS SULFHATE. 

108. Precipitate the gold with oxalic acid or sulphate 
of iron. Take care to add enough hydrochloric acid to prevent 
oxalates insoluble in water from being precipitated. 

An— -Aer, Fbf BgTf 81y Cn« Cd« NI9 Co, Fe, Kni Zn. 

Zn dAiloTS« 

WITH NITRIC ACID. 

109. The alloy should be filed small or rolled into a 
thin sheet. Boil with pure nitric acid (not too concentrated), 
or according to circumstances, Yfiih hydrochloric acid. Gold 
remains undissolved, the other metals dissolve. If the alloy 
were treated with strong nitric acid, and at a temperature 
below boiling, a little gold might dissolve from the action of 
the nitrous acid. 

In the presence of silver and lead this method is not appli- 
cable unless at least 80 per cent, of these metals is present. 
Alloys of silver and gold containing less than 80 per cent, of 
süver are fused with 3 parts of lead, before being treated 
with nitric acid. The purity of the separated gold is tested 
by treatment with cold dilute aqua regia, not with the hot 
concentrated acid, as chloride of silver is soluble slightly in 
the latter. 

At the Mint Conference held in Vienna, in 1859, the fol- 
lowing process was agreed upon for the mints in the several 
states of Germany. Add to 1 part of gold, supposed to be 
present, 2J parts of pure silver ; wrap both together in paper, 
and introduce them into a cupel in which the requisite amount 
of lead is just fusing. The lead required for *25 grm. of the 
alloy varies as follows, according to the percentage of gold 
present : — 

Percentage of Gold, Lead reqiiired. 

98—92 8 grm. 

92 — 87-5 .... 4 grm. 

87-5 — 75 5 grm. 

75 —60 6 grm, 

60—85 7 grm. 

below 85 8 grm. 
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When the lead has been absorbed by the cupel, flatten the 
button of gold and silver remaining, ignite, and roll out thin ; 
treat the roll with nitric acid of 1'2 s.g., then with nitric 
acid of 1*3 8.g., rinse, ignite, and weigh. 

WITH SULPHURIC ACID OR ACID SULPHATE OF POTASSIUM. 

110. The alloy should be filed small or roUed into a thin 
sheet. Heat in a platinum dish with a mixture of 2 parts 
pure strong sulphuric acid and 1 part water, untQ the evolu- 
tion of gas ceases, and the sulphuric acid begins to volatilise. 
The gold remains insoluble. The other metals are conveited 
into sulphates, and may be extracted with water. 

The alloy may also be fused with acid sulphate of potassium. 
Treat the fused mass with cold water first, and then with 
boiling water. It is advisable to repeat the operation with 
the separated gold, and ultimately also to test the purity of 
the latter. 

WITH NITRIC AND SULPHURIC ACIDS. 



111. The two above methods may be united — t.«., the 
cupelled and thinly rolled metal may be first warmed with 
nitric acid of 1*2 s.g., then thoroughly washed, the gold 
boiled five minutes with strong sulphuric acid, washed again, 
and ignited. 

An — Pb, Bl. 

WITH CYANIDE OF POTASSIUM. 

112. To the dilute solution add carbonate of sodinm in 
slight excess, and then cyanide of potassium (free from sulphide), 
and heat gently for some time. The precipitate contains the 
lead and bismuth as carbonates ; a little alkali is present which 
cannot be washed out. The solution contains cyanide of gold, 
it is boiled with aqua regia, and the gold is precipitated after- 
wards in the usual way. 

AUfPt— Sn« Sbf As. 

BY IGNITION IN CHLORINE. 

113. Heat the finely divided alloy or the sulphides in a 
current of chlorine. Gold and platinum are left, the other 
metals volatilize as chlorides. 
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Aa— Sn. Zn AUcjs. 

114. The finely divided alloy is boiled with snlphuric acid^ 
which has been slightly diluted and mixed with a little hydro- 
chloric add. The tin dissolves to stannous chloride. Heat 
is applied until the sulphuric acid begins to volatilize copiously. 
Stannic oxide is formed which dissolves in the sulphuric acid^ 
while the gold remains behind. On addition of much water, 
the stannic oxide falls, mixed with finely divided gold, in the 
form of a purple red precipitate. On warming with strong 
sulphuric acid the stannic oxide finally redissolves, leaving the 
gold quite pure. 

An — Pt. 

WITH F£RK0US CHLORIDE. 

115. Evaporate the aqua regia solution with hydrochloric 
acid to remove nitric acid, and treat with ferrous chloride. 
The gold is precipitated. The platinum in the filtrate may 
be thrown down by sulphuretted hydrogen. 

WITH CHLORIDE OF FOTASSIX7H. 

116. Precipitate the platinum with chloride of potassium, 
and determine the gold in the filtrate. 

IN PLATINUM ORE. 

117. Treat the substance for several hours with small 
fresh quantities of pure boiling mercury, wash thoroughly with 
hot mercury, and distil the mercury. The gold remains be- 
hind ; it should be tested. 

Pt — - Bfff 8if Cui Cd, Mlf COf FOf BKn* ZIn. 

WITH CHLORIDE OF POTASSIUM OR OP AMMONIUM. 

118. Precipitate the platinum with chloride of potassium 
or of ammonium, and wash thoroughly with alcohol. The 
platinum obtained from the precipitated double salt should be 
tested, especially for iron, by fusing with acid sulphate of 
potassium. 
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Pt^Afff Pb, BgTf 81f Oa, Cd, Wit Oo» Fei Xni SKn. 

Zn AHojBm 

BY FUSION WITH ACID SULPHATE OF POTASSIUM. 

118. Fuse witli acid sulphate of potassium. The plati- 
num remains insoluble. The other metals are conyerted into 
sulphates^ which may be extracted with water. 

ir — Mif Ooy FOf BKiiy Zn. 

WITH CARBONATE AND SULPHIDE OF AMMONIUM. 

120. Mix the solution with carbonate and sulphide of 
ammonium^ and allow to settle in a closed flask. The uranium 
remains in solution, the other metals are precipitated. Wash 
the precipitate with water containing carbonate and sulphide 
of ammonium. Supersaturate the filtrate with hydrochloric 
acid, heat with addition of nitric acid to convert the uranium 
into the triad state and precipitate with ammonia. 

U — J/iif COf Miif Zn« BKgr- 

WITH CARBONATE OF BARIUM. 

121. Sulphuric acid must be absent. The fluid should 
be slightly acid. Add carbonate of barium, and allow to stand 
in a closed flask in the cold for twenty-four hours. The 
uranium is thrown down, the other metals remain in 
solution. 

U — re, Al. 

WITH CARBONATE OF AMMONIUM. 

122. The iron must be in the triad state. Add excess 
of carbonate of ammonium. The iron and aluminium are 
precipitated, the uranium remains in solution. Traces of 
iron remaining in solution may be precipitated by sulphide of 
ammonium before the uranium is thrown down. 

tF — Or. ZV. and V. 

BY SULPHIDE OF AMMONIUM. 

123. Alkaline carbonates must be absent. Add cUoride 
of ammonium, ammonia, and colorless or slightly yellow sul- 
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phide of ammonium. Allow to stand in a closed vessel for 
twenty-four or forty-eight hours. The precipitate is not the 
uranic sulphide^ but contains uranium^ oxygen^ ammonium^ and 
sulphur ; its color varies from dirty yellow to black, according 
to the proportions of the chloride of ammonium, ammonia, and 
sulphide of ammonium. Wash the precipitate with water con- 
taining sulphide of ammonium, dry, roast for some time, 
ignite strongly in hydrogen, allow to cool in a rapid current 
of the gas, and weigh the residual uranous oxide. 

If the quantity of the other metals is large, the moist 
uranium precipitate should be dissolved in hydrochloric acid 
and reprecipitated. 

U— Bay SVf Ca. 

WITH SULFHXTBIC ACIP. 

124. Precipitate with sulphuric acid. In the presence 
of strontium and calcium add alcohol. 

WITH AMMONIA. 

125. The precipitate produced by ammonia contains 
barium, strontium, and calcium. Sut these metals may be 
separated by gentle ignition with chloride of ammonium and 
treatment with water. 

v— Mer. 

WITH AMMONIA. 

126. Add chloride of ammonium, heat to boiling, add 
excess of ammonia, continue boiling till the free ammonia is 
nearly expelled, filter hot, and wash with hot water containing 
ammonia. The precipitate is free from magnesium. 

V— f 9 Na. 

WITH AMMONIA. 

1 27. Precipitate with ammonia. The uranium is thrown 
down with a small quantity of potassium and sodium. 

Dissolve the precipitate in hydrochloric acid, evaporate in 
a platinum crucible, ignite gently in a current of hydrogen, 
extract the chlorides of potassium and sodium with water, 
ignite the residue in hydrogen, and weigh as uranous oxide. 

Instead of dissolving the precipitate in hydrochloric acid 
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you may heat it cautiously with chloride of ammonium (strong 
ignition would volatilize chloride of uranium)^ and treat the 
residue with water. 

WITH HTDBOFLÜOSILICIC ACID. 

128. Treat the substance with dilute hydrofluosilicic acid 
(containing 3 to 5 per cent, of HgSiF^), warm gently to pro- 
mote solution^ and if the yellow powder does not completely 
disappear after some time^ add more acid. When cool^ add 
three or four volumes of alcohol of '86 to '87 s.g., and allow 
to settle in a place protected from direct sunlight (to prevent 
separation of green uranous silicofluoride). Filter through a 
paper moistened with alcohol^ and wash with alcohol till the 
washings are free from acid reaction. The precipitate contains 
the potassium and sodium as silicofluorides^ which may be con- 
verted into sulphates. 

U— B., Na. 

WITH ALCOHOL AND ETHER. 

128. The metals must be in the form of nitrates or 
chlorides^ dried at 120®. If the salts have been ignited, how- 
ever gently, a little of the lithium salt will have been decom- 
posed, and a few drops of nitric or hydrochloric acid must be 
added. Treat with a mixture of equal parts of absolute alcohol 
and anhydrous ether, and digest for at least twenty-four hours^ 
with occasional shaking. Decant onto a filter, and treat the 
residue again several times with smaller quantities of the 
mixture of alcohol and ether. In the residue, determine the 
potassium and sodium salts. In the solution, determine 
the lithium by distilling off the alcohol and ether, and then 
converting into sulphate. 

Traces of potassium and sodium salts are often dissolved by 
the alcohol and ether. To separate these traces, after having 
distilled off the alcohol and ether, treat the residual salt 
again with alcohol and ether, with addition of a drop of nitric 
or hydrochloric acid. 

If the metals are present as sulphates, first convert them 
into chlorides or nitrates as follows. Dissolve in a little 
water, add alcoholic solution of chloride of strontium or an 
aqueous solution of nitrate of strontium with addition, of 
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alcohol. Allow to deposit^ filter^ wash the sulphate of stron- 
tium with weak alcohol^ and evaporate the filtrate to dryness. 

WITH PHOSPHATE OP SODIUM. 

130. Weigh the mixed alkali metals as sulphates^ and 
estimate the lithium as phosphate. 

In the presence of very small quantities of lithium^ con- 
Yert the weighed sulphates into chlorides with alcoholic solu- 
tion of chloride of strontium^ and separate the principal 
quantity of potassium and sodium salts with alcohol^ and then 
estimate the lithium. 

U— MB«. 

131. Like potassium and sodium from ammonium (p. 212). 
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132. HjS — HCl. 

133. 

134. 

135. HjS - CO, — SO3 — S3O2. 

136. H^S in silicates. 

137. HCl-HBr. 

138. „ „ 

139. ,, ,, 

140. CI — Br. In commercial bromine. 
141 

142. HCl -HI. 

143. 

144. 

145. u 9f In presence of small quantities of I. 

146 

147 

*^»« 99 99 99 99 

148. CI — I. 

149. „ In commercial iodine. 

150. HCl — HBr — HI. 

151. „ „ 

152. 

153. HCl— HF. 

154. „ In silicates. 

155. HCl in silicates. 

156. NjOj or CljOj — Another acid. 

157. NjOj, aA — HCl. 

158. CljO, — HCl. In alkaline salts. 

159. NA — CIA- 
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160. B,0, — HF. 

161. B.Oj— P,Oj. 

162. CO,— Other acids. 

163. HP — P,0, 
164. 
165. 

166. HF — SiO,. 

167. HF— P,0, — SiO, 

168. HF — SO,. In BaSO^+CaF,. 

169. SiO,— B,0„HF. 

170. HCy — HCl,HBrorHI. 

J« »A« W 39 W 

172. H^Cy,Fe or HsOy,Fe — KCl. In alkaline salts. 
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B,8— KCl. 



132. Estimate in one portion the snlphnr, in anotlier 
portion the sulphur + chlorine hj precipitating with nitrate of 
silver. 

133. Precipitate with an ammoniacal solution of nitrate 
of silver^ and estimate the sulphide of silver. Throw dovi^ 
the chlorine in the filtrate by addition of nitric acid^ and if 
necessary of nitrate of silver. 

1 34. K you merely want to remove sulphuretted hydrogen 
in order to estimate the chlorine^ add ferric sulphate, allow the 
sulphur to deposit and then filter it off. 

BsS — OOs — SO, ~ B^O,. 

ANALYSIS OF COMPOUNDS CONTAININO ALKALINE SULFRIDXS, 
CARBONATES^ SULPHATES, AND HYPOSULPHITES. 

1 35. The following method was employed by Werthee in 
the examination of gunpowder residues. 

Put the substance into a flask^ and add carbonate of cad* 
mium shaken up with water^ cork^ and shake well. The 
carbonate of cadmium decomposes with the alkaline sulphide. 
Filter. 

Treat the precipitate (CdCOj + CdS) with dilute acetic acid, 
which dissolves out the carbonate of cadmium. Oxidise the 
residue with a mixture of nitric acid and chlorate of potasainm, 
and precipitate the sulphuric acid formed with chloride of 
barium. This gives the sulphur in the form of stdphide. 

Heat the filtrate, add nitrate of silver, and filter. 

The precipitate consists of carbonate and sulphide of mlver; 
the latter being formed from the hyposulphite (KaS^Oj-l- 
2AgN03 + HgO=K3SO^+Ag3S-h2HN03). Treat with am- 
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monia and filter. The filtrate contains the carbonate of silver ; 
precipitate with HCl ; the silver obtained represents the car- 
bonic acid in the substance -f the carbonic acid equivalent 
to the sulphuretted hydrogen (KjS + CdC03=CdS + K2C03). 
Dissolve the residue in dilute boiling nitric acid^ and estimate 
the silver as chloride; this gives the hyposidphurous acid present. 
Treat the filtrate with hydrochloric acid to remove silver^ 
and then throw down the sulphuric acid with chloride of 
barium. Deduct from the sulphuric acid found the quantity 
formed from the hyposulphurous acid (for 1 part of AgCl 
formed from the sulphide '28 parts of SO3) ; the remainder is 
the sulphuric acid in the substance. 
# 

IStjA In SUlcates. 

136. If the substance is decomposable by acids^ treat 
with fuming nitric acid^ or with rather dilute nitric acid under 
pressure at 120-150®. Filter, precipitate any silica by car- 
bonate of ammonium, and determine the sulphuric acid. 

If the substance is not decomposed by acids, fuse with 
4 parts of carbonate of sodium and 1 part of nitrate of 
potassium, boil with water, precipitate any silica by carbonate 
of ammonium, and estimate the sulphuric acid. 

BGl — BBr. 

137. Precipitate with nitrate of silver, and weigh the pre- 
cipitate. Fuse the precipitate again and transfer a portion to 
a weighed bulb tube, then weigh the bulb tube again. Fuse 
in a slow current of dry chlorine for twenty minutes, agitating 
the bulb tube occasionally. Hold the tube in an oblique posi- 
tion to allow the gas to be replaced by air, and weigh. Heat 
again for ten minutes in the chlorine, and weigh again to make 
sure that the action is completed. The loss of weight multi- 
plied by 1*7961 gives the quantity of bromine present.* 

* This mle is obtained as follows : — Putting d for the loss of weight on 
igniting the mixed chloride and bromide of tdlyer in chlorine, and x for 
the bromine present, we have 

at. wt. of Br — at. wt. of CI : at. wt. of Br : : (2 : » 

. * . 44-54 : 80 : : d : 
. a — -BO- Ä 

= 17961 X d 
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Instead of conyerun^ the mixed silver salts into chloride of 
silver by ignition in chlorine, you may reduce them to the 
metallic state by ignition in hydrogen. On calculating the 
metal obtained into chloride, yon will have the same data far 
calculating the bromine as above. 

This method gives veiy good results when the proparti(Mi of 
bromine is considerable, but most uncertain results when mere 
traces are present with large quantities of chlorine. 

When mere traces of bromine are present with large gmam- 
tities of chlorine, determine the bromine by precipitating it 
with silver in conjunction with a small quantity of the chlorine 
and proceeding as above. To find the chlorine, precipitate 
another portion of the substance completely with silver and 
deduct the known quantity of AgBr from the weight of the 
precipitate. 

For procuring a silver precipitate, which contains the 
bromine with a little of the chlorine, one of the following 
methods may be used : — 

a. Add carbonate of sodium in excess, filter if necessary, 
evaporate nearly to dryness, and extract the residue with hot 
absolute alcohol. The solution contains the whole of the 
bromine, and only a small quantity of the chlorine. Add a 
drop of soda solution and evaporate, dissolve the residue, 
acidify with nitric acid, and precipitate with nitrate of silver. 

b. Mix the cold solution with a deficiency of nitrate of 
silver, shaking vigorously and keeping the precipitate in eon- 
tact with the fluid for some time. Feeling gives the following 
rule : — If the fluid contains *1 per cent, bromine, use one-fiftfa 
the quantity of nitrate of silver necessary to effect complete 
precipitation ; if '01 per cent., -x^ ; if "002 per cent., ^ ; if 
"001 per cent., ^. 

c. Traat the precipitate obtained in b with zinc, decompose 
the solution of chloride and bromide of zinc with carbonate of 
sodium, evaporate to dryness, extract the residue with absolute 
alcohol, which dissolves all the bromine and only a little <^ 
the chlorine, evaporate to dryness, take up with water and 
precipitate with nitrate of silver. 

138. Precipitate the bromine and part of the chlorine by 
a known quantity of silver, and weigh the precipitate. After 
calculating the silver used into chloride of sUver, you will have 
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the same data for calculating the bromine as above. This 
method is more convenient, but not so accurate as the above. 
It presupposes that a weighed quantity of silver will give an 
absolutely corresponding amount of chloride of silver, which 
practically is not the case, errors to the extent of some milli- 
grammes being scarcely avoidable ; it may accordingly happen 
that bromine is calculated from the supposed diflference, even 
in cases where there is absolutely none present. 

139. In one portion estimate the bromine (p. 133). In 
another portion precipitate the chlorine and bromine as silver 
salts, and calculate the chlorine by difference. This method 
is very suitable tor the rapid analysis of mother liquors. 

ANALYSIS OP BBOMINE CONTAINING CHLORINE. 

140. Weigh out the anhydrous bromine in a small bulb, 
dissolve in cold sulphurous acid, precipitate with nitrate of 
silver, digest the precipitate with nitric acid to remove copre- 
cipitated sulphite of silver and weigh. 

Now let A = substance taken. 

B = AgCl + AgBr obtained. 

X = bromine in substance taken. 

y = chlorine. 

Then y = . 

^ 1-695 

and X = A^y 

141. Weigh out the anhydrous bromine in a small bulb, 
mix it with excess of iodide of potassium, and determine the 
separated iodine. 

Now let A = substance taken. 
% = iodine found. 
X = bromine in substance taken. 
y = chlorine. 

Then y = 

^ 1-991 

w = A-y 

BCl — KZ. 

142. In one portion, precipitate the iodine by chloride 
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of palladium. In another portion precipitate the chlarine 
and iodine jointly with nitrate of silver. Calculate the ddo- 
rine by difference. 

In the presence of a large proportion of chlorine before the 
iodine is precipitated by the chloride of palladium^ it should 
be concentrated as follows. Add carbonate of sodium, evapo- 
rate to dryness^ extract the residue with alcohol, evaporate 
with addition of a drop of soda and take up the residue with 
water. 

143. The methods 137 and I385 given for chloriae 
and bromine, may also be employed for the separation of chlo- 
rine from iodine. The loss of weight on igniting Hie mixed 
silver salts in chlorine multiplied by 2*567 gives the quantity 
of iodide of silver. The results are more accurate than in 
the separation of bromine from chlorine. 

144. Add i c.c. standard iodide of starch (p. 71), 
then drop by drop, with stirring, standard solution of nitrate 
of sUver, until the iodide of starch is decolorized. Now de- 
termine the quantity of silver solution necessary to decolorize 
the ^ c.c. of iodide of starch, deduct this from the quantity 
first used, and the remainder is equivalent to the iodine in the 
substance, for the iodide of starch is decolorized before the 
precipitation of chloride of silver begins. To determine the 
chlorine, add to the fluid of the first experiment nitrate of 
silver in slight excess, filter, and determine the excess of silver 
in the filtrate by iodide of starch. Finally, from the total 
quantity of silver used, deduct the amount corresponding to 
the ^ c.c. iodide of starch and to the iodine pr^ent, and also 
the excess of silver added ; the remainder corresponds to the 
chlorine in the substance. 

The following methods are adapted especially for the separa- 
tion of small quantities of the iodine from large quantities of 
chlorine. 

145. Acidify with sulphuric acid, add a few drops of 
nitrite of potassium and three or four c.c. of bisulphide of 
carbon, and shake. Separate the two fluids by decantation, 
wash the bisulphide with water, and the aqueous fluid with 
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bisulphide. Transfer the bisulphide to a stoppered bottle^ 
cover it with a layer of water, and titrate the iodine present 
with weak hypostdphite of sodium. The hyposulphite of 
sodium is standardized, as directed under Hydriodic Acid 
Estimatitm, p. 135. Finally, to determine the chlorine, pre- 
cipitate the chlorine and iodine in another portion of the sub- 
stance as sUver salts, and deduct the known iodide of silver 
from the precipitate. 

146. In one portion precipitate the silver salts jointly. 
lu another portion estimate the iodine volumetrically. Calculate 
the chlorine by difference. 

147. For technical purposes the following method is 
suitable. It is recommended for the estimation of iodine in 
kelp. Nearly neutralize the kelp lie with nitric acid, evapo- 
rate to dryness, and fuse the residue in a platinum vessel till 
the sulphides are oxidized. Treat with water, filter; add 
nitrate of silver till the precipitate is perfectly white, wash, 
digest with a measured quantity of strong ammonia (s.g. '89), 
and weigh the residual iodide of silver. Finally add to the 
weight found the quantity of iodide of silver which has dis- 
solved in the ammonia ; it is -rrwj ^^ ^^^ ammonia used. 

SEPARATION OF FBEE IODINE FROM FREE CHLORINE. 

148. Warm one portion with sulphurous acid, and 
estimate the iodine as iodide of palladium. Titrate another 
portion with hyposulphite of sodium, and deduct from the 
apparent amount of iodine found the actual quantity as pre- 
viously ascertained ; the remainder is equivalent to the quantity 
of chlorine; 

ANALYSIS OF IODINE CONTAINING CHLORINE. 

148. Dissolve the dry iodine in cold sulphurous acid, 
precipitate with nitrate of silver, digest the precipitate with 
nitric acid to remove coprecipitated sulphite of silver and 
weigh. 

Now let A = substance taken. 

B = AgCl-hAgl obtained. 
a = iodine in substance taken. 
y = chlorine. 

Q 2 
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2194 
a = A-y 
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KCl — BBr — BZ. 

150. In one portion precipitate the three silver salta 
jointly. 

In another portion precipitate the iodine with chloride of 
palladium,^ which should be added in the least possible excess. 
In the filtrate first remove the excess of palladinm with sul- 
phuretted hydrogen, and the excess of the latter with ferric 
sulphate, and then throw down the chlorine and bromiDC 
with nitrate of silver, and estimate the bromine in the pre- 
cipitate (137). 

This method is not applicable when the quantity of iodine 
is verj small. 

151. Bemove the iodine by adding sulphuric acid and 
nitrite of potassium, and shaking with fresh quantities of bisul- 
phide of carbon; then wash the bisulphide of carbon with 
water. Ini the aqueous fluid determine the chlorine and 
bromine (137). In the bisulphide of carbon determine the 
iodine (145). 

This method is well adapted for separating small quantities 
of iodine. 

152. Freshly precipitated chloride of silver is converted 
by solution of bromide of potassium into bromide of silver, and 
freshly precipitated bromide and chloride of silver are con- 
verted by iodide of potassium solution into iodide of silver. 
Upon these facts P. Field bases the following process : — Place 
three exactly equal portions of the substance in three stoppered 
bottles, add about 30 c.c. water, and silver solution in excess^ 
shake violently, and wash the precipitates I., II., and III. 
completely with hot water. I. is dried and weighed, the 
weight represents the sum of the chloride, bromide, and iodide 

* If there is much chlorine and little bromine, nitrate of palladium may 
be nsed. as in this case there is no danger of the coprecipitation of bromide 
of palladium. 
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of silver ; II. and III. are digested with bromide and iodide of 
jK)tassiiim solutions respectively for 10 hours; the solutions 
must be dilute^ and employed in not too large excess^ and. 
vnthout warmings otherwise they will dissolve perceptible traces 
of the silver salts. II. and III. are finally washed^ ignited^ 
and weighed. II. is a mixture of bromide and iodide of silver^ 
III. is pure iodide of silver. 

The calculation is as follows : — 

The difference between the at. weights of bromine and chlo- 
rine (= 44-58) : the at. weight of chloride of silver ( = 143-43) : : 
the difference between I. and II. : the chloride of silver con- 
tained in 1. 

The difference between the at. weights of iodine and bromine 
(=47) : the at. weight of bromide of silver (=187'97) : : the 
difference between II. and III. : the quantity of bromide of 
silver in II. Deduct the bromide of silver so found from the 
weight of II. ; and the remainder is the iodide of silver. 

Finally subtract the sum of the chloride of silver and the 
iodide of silver from the precipitate I., and the remainder will 
represent the bromide of silver. The method is of great 
interest from a theoretical point of view ; it can, however, only 
be employed when all the three halogens are present in pretty 
large quantities. Field^s results were tolerably satisfactory. 

KCl— BF. 

153. Precipitate the fluorine with nitrate of calcium, and 
in the filtrate throw down the chlorine with nitrate of silver. 

IN SILICATES. 

154. Fuse with carbonate of sodium, boil with water, 
filter, and wash the residue, first with boiling water, then with 
carbonate of ammonium. Mix the filtrate with carbonate of 
ammonium, warm, and filter off the precipitate. Nearly 
saturate with nitric acid, add nitrate of calcium, and filter. 

The precipitate consists of fluoride and carbonate of calcium. 
Separate them by evaporating with acetic acid to dryness, and 
extracting the residue with water. 

In the filtrate throw down the chlorine with nitrate of 
silver. * 
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BGl. Xn sUloates. 

155. If the silicate is decomposed by nitric acid, after 
•treating with the acid, dilute, allow to deposit, filter^ and pre- 
cipitate with nitrate of silver without warming. 

If the silicate is not decomposed by nitric acid, mix with 
carbonate of potassium and sodium, moisten with water, dry in 
the crucible, fuse, boil with water, remove the dissolved silica 
by carbonate of ammonium, add nitric acid, and precipitate 
with nitrate of silver. 

'NjO^ or Cl,Oft— Anotbar Aeid. 

15G. In the absence of metals. In one portion deter- 
mine the joint amount of the two acids by a standard alkali. 
In another portion determine the acid mixed with the nitric or 
chloric acid. Calculate the nitric or chloric acid by difference. 

In the presence of metals. In one portion determine the 
nitric or chloric acid. In another portion determine the other 
acid. 

H,O»01,O»-BCl. 

157. The salts of nitric and chloric acid may be sepa* 
rated from the chlorides of those metals which form insoluble 
phosphates, by boiling the solution with recently precipitated 
phosphate of silver. The chlorates and nitrates remain in 
solution. 

01«O»— BGl. 

IN ALKALINE SALTS. 

158. In one portion determine the hydrochloric acid br 
precipitation with nitrate of silver. In another portion reduce 
the chloric acid by cautious ignition or by nascent hydrogen, 
and then also precipitate with nitrate of silver. Calculate the 
chloric acid from the difference between the two precipitates 
of chloride of silver. 

159. In one portion determine the two acids jointly. 
In another portion determine the chloric acid, by miring with 
carbonate of sodium, fusing, and estimating the chlorine with 
nitrate of silver. » 



SEPARATION OF ACIDS. 231 

160. The solution should contain the acids in combi- 
nation with an alkali. 

To one portion add carbonate of sodium, and then acetate 
of calcium in excess. The precipitate contains the fluorine 
and small quantities of carbonic and boracic acids. Determine 
the fluorine as directed, p. 158, 2. 

In another portion estimate the boracic acid. 

8sO.-F.O«. 

161. Precipitate the phosphoric acid as phosphate of 
magnesium and ammonium, and determine the boracic acid in 
the filtrate. 

CO,— Other adds. 

162. Estimate the carbonic acid according to p. 150. 
In the presence of fluorides use tartaric acid to expel the car- 
bonic acid. 

BT— F,0.. 

IN SUBSTANCES SOLUBLE IN WATER. 

• 

163. In the presence of a large proportion of fluories, 
precipitate the solution with chloride of calciuiA and [ime 
water, adding the latter to alkaline reaction, and weigh the 
phosphate and fluoride of calcium which are thrown down 
together. Heat the precipitate in a platinum vessel with 
sulphuric acid to drive off the fluorine, without raising the 
temperature so that the sulphuric acid volatilizes, and then 
determine the lime and phosphoric acid. Deduct the sum of 
the phosphoric acid and lime from the total weight of the 
precipitate; then putting d for this quantity, we have the 
following proportion for finding the fluorine present : 

at. wt. of F — t at wt. of at. wt. of F 

11 19 : : (2 : (B 

In the presence of a small proportion of fluorine^ mix the 

solution with basic mercurous nitrate. The phosphoric acid 

falls as a yellow precipitate, the fluorine remains in solution. 

PUter. 

. Dry the precipitate, mix it with carbonate of potassium and 
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sodium^ add the filter rolled up, cover with the alkaline car- 
bonate, and expose the mixture to a moderate heat bdow 
redness under a good draught for half an hour. Finally, fcue, 
dissolve in hot water, and precipitate the phosphoric acid as 
phosphate of magnesium and ammonium. 

Neutralize the filtrate with carbonate of sodium, without 
filtering pass sulphuretted hydrogen, then filter, and estimate 
the fluorine. 

IN SUBSTANCES INSOLUBLE IN WATER, BUT SOLUBLE IN ACIDS 

[e,g.j APATITE, bone-ash). 

164. Dissolve in hydrochloric acid, heat in a platinum 
vessel with sulphuric acid to drive oflf the fluorine, without 
raising the temperature so that the sulphuric acid volatilizes, 
and determine the phosphoric acid and the metallic oxides. If 
you know the proportion between the phosphoric acid and the 
bases in the substance, you may calculate the fluorine from the 
excess of the bases. 

IN SUBSTANCES INSOLUBLE IN WATER AND ACIDS. 

165. Fuse with carbonate of sodium and silica^ boil with 
water, add carbonate of ammonium and filter. The solution 
contains the fluorine and the phosphoric acid, which may be 
separated according to 163 or 164. 

166. Fuse with carbonate of sodium, boil, filter, and wash 
the precipitate first with boiling water, then with carbonate of 
ammonium. Mix the filtrate with carbonate of ammonium, 
heat, filter oflF the precipitate, and wash it with carbonate of 
ammonium. In the filtrate determine the fluorine. Mix the 
two precipitates together and determine the sUica as usual. 

BF— PjOfi — SiO,. 

167. Fuse with carbonate of sodium, boil with water, 
filter, and wash the precipitate Qp^, which contains silidc add, 
and possibly some phosphoric acid), first with water, then with 

* Many silicates contaiii fluorides. 
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carbonate of ammonium. Mix the filtrate with carbonate of 
ammonium^ heat^ filter off the precipitate {p^, and wash it 
Mrith carbonate of ammonium. 

Neutralize the filtrate nearly with hydrochloric add, pre- 
cipitate with chloride of calcium, filter, dry, and ignite the 
precipitate (which consists of fluoride, phosphate, and carbonate 
of calcium). Treat the residue with acetic acid and evaporate 
till the excess of the acid is expelled. Extract with water, 
Tireigh the residue, which contains phosphate and fluoride of 
calcium, and separate as directed 163. 

Mix p^ and p^, and in the mixture determine the silicic acid 
and the rest of the phosphoric acid. 

BF — SO,. 

InBaSO^+CaFg. 

168. Fuse with 10 parts of carbonate of potassium and 
sodium and 2 parts of silicic acid, treat with water and add 
carbonate of ammonium, filter, and wash the precipitate with 
carbonate of ammonium. 

In the filtrate throw down the sulphuric acid with chloride 
of barium. Or if you wish to determine the fluorine as well, 
precipitate the sulphuric acid with nitrate of barium, then 
saturate with carbonate of sodium, and precipitate the fluoride 
of barium with alcohol. Wash first with alcohol diluted with 
an equal bulk of water, then with undiluted alcohol, dry, 
ignite, and weigh. 

SiOs — B2O,, BF. 

169. Fuse with carbonate of sodium, boil with water, 
heat with carbonate of ammonium, and filter. In the mixed 
residue and precipitate determine the silicic acid. In the 
filtrate determine the other acids. 

BCy — BClf BBr or BZ. 

170. Precipitate with nitrate of silver, dry at 100° and 
weigh. Fuse the precipitate in a porcelain crucible, cautiously 
agitating it, reduce the residue with zinc and sulphuric acid, 
filter, and in the solution determine the chlorine, bromine, or 
iodine. The cyanogen is found from the difference. 
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171. In one portion determine the joint amoant of the 
chlorine^ bromine^ or iodine^ and cyanogen with nitrate of 
silver. In another portion determine the cyanogen Tola- 
metrically. 

B«07«Fe or H,07«Fe — BOl. 

IN ALKALINE SALTS. 

172. In one portion determine the ferro- or fern- 
cyanogen. Acidify another portion with nitric acid^ precipitate 
with nitrate of silver^ fuse the precipitate with 4 parts of car- 
bonate of sodium and 1 part of nitrate of potassinm^ extract 
with water^ and determine the chlorine in the usual way. 
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Alkallinetrr and AoUUxuettf. 

By means of a standard solution of an acid aad a standard 
solution of an alkali, we may determine all the oxides and 
carbonates of the metals of Groups IV. and V., most free 
acids, and also in some cases combined acids. 

The solutions are prepared as follows. 

Standard Acid : 

Take 100 c.c. strong hydrochloric acid, dilute it to 1 litre, 
and mix by shaking. Then measure out two quantities of 
20 c.c. each and determine the hydrochloric acid in them 
grarimetrically with nitrate of silver. If the results coincide, 
calculate the amount of hydrochloric acid in 1 c.c of the so- 
lution, and mark the bottle accordingly. 

Standard Alkali : 

Take 10 c.c. of ordinary potash {or soda) solution, add a 
little tincture of litmus, and titrate with standard acid till 
red. Having thus roughly ascertaiDed the strength of tbc al- 
kaline solution, dilute a certain p^^ j^ 
quantity of it till 1 volume will 
about neutralize 1 volume of the 
standard acid. Then in order to 
standardize the alkali exactly, mea- 
sure off 20 c.c, add a little tincture 
of litmus, and then titrate with the 
standard acid till the fluid is reddish 
purple, boil for a minute or two (the 
blue color will return if carbonic 
acid was present), add more acid if 
necessary, boil again, and so on till 
the fluid has a neutral tint, which is 
not doe to carbonic acid. It is 
well to repeat the experiment. 
Finally calculate the value of 
1 c.c. of the alkaline solution, and 
mark the bottle accordingly. 
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If you wish to free the alkali from carbonic acid; before 
standardizing it finally^ boil with some slaked lime^ allow to 
settle in a nearly closed flask^ and draw off the dear fluid. If 
you are using the standard alkali often^ and wish to preserve 
it from absorbing carbonic acid^ the apparatus in the maigin 
of the preceding page may be* employed. The bulb tube con- 
tains soda-lime. 
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Add tincture of litmus^ then standard acid till the fluid is 
reddish purple^ .boil^ add more acid and so on till a neutral 
tint, which is not caused by carbonic acid, is obtained. 

Note on the commercial methods of expressing the strength 

of soda. 

In the English soda trade it is customary to represent the 
strength of soda in degrees. These degrees represent the 
percentage of soda (Na^O), with this difference, that the equi- 
valent of soda is taken at 32 instead of 31, the true equiva- 
lent. 

The true percentage of soda is styled in France Gay- 
LussAc's degree. 

In Germany and Russia soda-ash is sold by the percentage 
of carbonate of sodium it contains. 

In France and some other parts of the Continent, the 
strength of soda is represented in Decboizilles^ degrees. These 
degrees are the number of parts of H^SO^ which can be 
neutralized by 100 parts of the sample. 

A table of comparison between the various methods of 
representing the strength of soda will be found at the end of 
the book. 

»■tlmattan of Alkaline BarUw and «lielr Carbonates. 

Dissolve in a measured quantity of standard acid, boil to 
expel carbonic acid, add tincture of litmus, and then titrate 
back with standard alkali. Calculate the standard alkali em- 
ployed into its equivalent of standard acid, deduct this from 
the acid employed, and the remainder will be the amount of 
standard acid equivalent to th& base present. 
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astfinatloii of flree Aeids. 

Add tincture of litmus^ and then titrate with standard 
alkali^ boiling towards the end to expel carbonic acid. 



ttmatloii of Combined Adds. 



This method may be employed when the bases present are 
precipitated by soda (or carbonate of sodium) completely, and 
in a state of purity. For instance, acetic acid in acetate of 
iron, or acetate of copper, may be estimated by this method. 

Precipitate with a measured quantity of standard alkali in 
excess, boil, filter, wash, concentrate the filtrate, add tincture 
of litmus, and titrate with standard acid, boiling towards the 
end to expel carbonic acid. 

Supplemeiit. Xiefer's Aeldlmetrie BCetbod. 

In this method an ammoniacal solution of copper is used, 
and the point of neutralization is known by turbidity. It is 
adapted for the estimation of firee acid in presence of neutral 
metallic salts having acid reactions. The method cannot be 
used for oxalic acid. 

The copper solution is made by adding ammonia to a solu- 
tion of sulphate of copper tiU the precipitate which first forms 
is redissolved. It is standardized by standard acid. 

The method is not scientifically accurate, but it. is useful 
for technical purposes. The copper solution requires to be 
restandardized occasionally. 
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OR^ THE VALUATION OF CHLORIDE OF LIME. 

It IB found convenient to weigh out a rather large quantitr 
of the powder^ to dissolve this up to a certain bulk^ and to 
take a small quantity of the solution for the estimation. Tie 
solution is prepared as follows : — Weigh out 10 grm. of the 
powder^ mix well in a large mortar with a little water, add 
more water gradually, pour the fluid into a litre flask^ and 
wash the remainder into the flask, finally fill to the mark. 
The flask is shaken before a quantity is measured ofiT for the 
experiment.* 1 c.c. = '01 grm. of the powder. 

Bnnsen*« Metbod. 

In this method the chloride of lime is mixed with iodide of 
potassium and hydrochloric acid, when the available chlorine 
liberates an equivalent of iodine. The iodine is titrated with 
hyposulphite of sodium. 

Transfer 10 c.c. of the solution of the chloride to a beaker, 
add about 6 c.c. iodide of potassium (1 in 10), dilute to 100 cc, 
acidify with hydrochloric acid and titrate the iodine (p. 135). 

PenoVs Matlioil« 

This method is based upon the conversion of arsenious acid 
in alkaline solution into arsenic acid, thus 

A8203+2H20 + 4C1=4HC1 + A8205. 

Iodized starch paper is used as indicator. 

Iodized starch paper. Mix 3 grm. powdered white stardi 
with 250 c.c. of cold water, boil with stirring, add a solution 
of 1 grm. of iodide of potassium and 1 grm. of crystalliied 
carbonate of sodium, and dilute to 500 c.c. Draw strips of 
white blotting paper through this fluid and dry them. 

Standard arsenioiis acid. Dissolve 6*972 grm. powdered 
arsenious acid with 10 grm. dry carbonate of sodium in a little 
water by heating ; when cold dilute to 1 litre. 1 c.c. ='005 grm. 

* If the clear solution were used the results would not be accurate. 
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chlorine^ and therefore indicates 1 per cent, of chlorine "when 
•5 grm. of the chloride of lime (50 c.c. of the solution) is 
taken. 

The process. Transfer 50 c.c. of the solution of the chloride 
to a beaker, and titrate with the arsenious acid till a drop 
taken out fails to produce a blue spot on the iodized paper. 

Note on Chhrimetrical Degrees, 

The strength of chloride of lime is represented in England^ 
America, Germany, and Russia by the percentage of chlorine. 
In Erance it is represented by the number of litres of chlorine 
at 0^, 760 mm. in 1 kilogramme of the sample. A table of 
comparison between French and English degrees will be found 
at the end of the book. 



Valuation of Manganaao. 



In this method the chloriae resulting from the decomposition 
of the manganese by hydrochloric acid is passed into iodide of 
potasBium solution, and the liberated iodine la titrated iritb 
hyposulphite of sodium. MnO, gives I^. 

The apparatus is represented below. The flask should hold 



shout 60 c.c. ; the U tube contains 20 c.c. iodide of potassium 
(1 iu 10), and is kept cool in a vessel of water. The outer 
end of the U tube is covered with a watch glass to prevent 
loss by spirting. Put about '4 grm. of the finely powdered 
ore into the flask, add some strong hydrochloric acid, attach 
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the flask to the rest of the apparatus, and heat gently. Whea 
the ore is completely decomposed and the gas has ceased to 
come over, hoil vigorously for some minuteH. Before taking 
away the lamp remove the clip. Wash the contents of the 
U tube into a beaker and titrate irith hyposulphite of sodium 
(p. 135). If any solid iodine separates in the U tube pour 
o£F the supernatant fluid, and dissolve the iodine in iodide of 
potassium before titrating. 

PRESENIDS AND WILl's METHOD. 

This is well suited for technical purposes. It is not ap- 
plicable in the presence of carbonates, which may be detected 
by boiling some of the powdered ore with water and adding 
nitric acid. 

When oxalic and sulphuric acids act on hinoxide of man- 
ganese, the following reaction takes place : — 

MnO, + H,CjO.+ HjSO^=MnSO,+2HjO + 2COg 

87 parts of the binoxide, therefore, yield 88 parts of carbonic 
acid.* The carbonic acid is estimated by the loss of weight. 

The apparatus employed is figured p^^ jg 

in the margin. The flask A should 
hold about 120 c.c; B about 100 c.c. 
The latter is half filled with strong 
snlphnric acid. The tube a is 
closed with a piece of flexible tubing 
stopped with glass rod. 

Weigh out &om 3 to 5 grm. of 
the powdered ore, and transfer it 
to A, then add about 5 grm. of neu- 
tral oialate of sodium in povder, 
and water sufficient to fill the 
flask one-third. Then weigh the ap- 
paratus. Attach a flexible tube to 

d, and cautiously suck out a httle ur, so as to cause some 
sulphuric acid to pass into A and decompose the manganese. 
Ab soon as the evolution of gas slackens, cause some more acid 
to pass over, and so on till no more gas is evolved and no 

* In trade it is sometimeB assomed that the oarbonio add liberated 
represents an equal weight of binoxide of maoganese. 

B 3 
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black powder remains in ^ ;^ if the ore has been well powdered, 
this requires about üve minutes. Now make some more add 
pass into A^ to heat the fluid in the latter and expel carboiiic 
acid^ remove the stopper on b and draw air gently throngh 
the apparatus by sucking at d, until the taste of carbonic add 
is no longer perceptible. Finally^ allow the apparatus to cool, 
and weigh. Two analyses should not differ by more than 
•2 per cent. 



astliiiatlOB of the Vsrdroclilorie Add required far 

Titrate some hydrochloric acid of about 1*1 specific gravity, 
with ammoniacal solution of sulphate of copper (p. 239). 
Transfer about 1 grm. of the ore to a small flask, fitted with 
a long, wide, upright tube to act as condenser, add 10 cc of 
the acid, and heat gently. When the manganese is completely 
decomposed, heat somewhat more strongly for a short time to 
expel chlorine ; but not too long to avoid loss of acid. Allow 
to cool, dilute the fluid, and estimate the excess of acid with 
the copper solution. 

* If an iron mortar has been nsed for powdering the ore» black spots 
from the mortar are sometimes to be seen. 
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Analysis of Iron and Steel. 

Tbe following bodies are generally determined : — combined 
carbon^ graphitic carbon, silicon^ sulphur^ phosphorus and 
xaanganese. Nitrogen, copper, tin, antimony, arsenic, nickel, 
cobalt, aluminium, chromium, zinc, calcium, magnesium, 
potassium, sodium, titanium, vanadium and lithium may also 
be present. 

Bore the iron with a large drill and powder the borings in 
a porcelain mortar. 

Betermlnatioii of ttie total amount of Carbon. 

A. H. ELLIOTT^S METHOD. 

In this method the iron is warmed with solution of sulphate 
of copper ;* the metals replace each other, and an insoluble 
residue is obtained in which the whole of the carbon is present 
mixed with metallic copper. Chloride of copper and hydro- 
chloric acid are then added, which dissolve the copper, leaving 
the carbon. The carbon is filtered off, washed, heated with 
chromic and sulphuric acids, and estimated as carbonic acid. 

Separation of the carbon. Take a weighed quantity, from 
2 to 2'5 grm., of the powdered iron, treat it with 50 c.c. of 
solution of sulphate of copper (1 in 5), and heat very gently 
for about 10 minutes.f Now add 20 c.c. of solution of chloride 
of copper (1 in 2), and 50 c.c. of strong hydrochloric acid, and 
heat at a temperature near boiling, until the separated copper 
is dissolved. Collect the carbon in a filter made of rather 
wide combustion tube about 15 cm. long, one end of which is 
drawn out to a bore of 4 mm., and stopped first with broken 
pieces of stout glass rod about the size of peas, and then loosely 
with asbestos. To see whether any carbon passes with the 
filtrate, mix the deeply colored fluid with strong hydrochloric 
acid (to prevent the separation of basic chloride of copper), 

* The snlphate is tised in preference to the chloride, as it is not liable 
to contain fi^ acid. 

t The smell observed daring the heatiog is due to phosphoretted 
hydrogen. 
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and then dilute ; by this means any carbon that may lure 
passed will be rendered visible ; if the solution contains carbon, 
it is boiled and passed through the filter again. Finally, wish 
the carbon with boiling water till free fr^m chlorides. 

Convertiott of the carbon into carbonic acid, and esiimaiim of 
the latter. The apparatus used for this purpose is illustnted 
in fig. 17. a is a tube containing soda-lime, attachable to i by i 
cork; b is provided with a glass tap. The flask c holds about 200 
C.C., and the bottle d about 60 cc, the latter is one-third filled 
with strong sulphuric acid. The U tube e, which has a heighi 
of 30 cm. and a bore of 2 cm., is filled with pumice satonted 



with sulphuric acid. The remaining tubes are for absorbing 
the carbonic acid; /has a height of 15 cm., and a bore of 1*5 cm., 
it is filled with good äoda-lime ; g has a height of 9 cm. and > 
bore of 8 mm.jthia is filled with pumice saturated with sulphnnc 
acid. Thepnmice used in the Utubea should have beenprevioud^f 
heated with sulphuric acid, to free it from chlorine and fluorine, 
washed and dried; and the sulphuric acid should not atop the 
passage at the bend of the tubes. 

All being ready, cat the tube containing the carbon >i 
about 2 or 3 cm. above the latter, and transfer the contents to 
the flask c by blowing carefully into the narrow end, and then 



ANALYSIS OF IRON AND STEEL. 247 

washing with a very fine jet of water, using as little water as 
possible ;* a4d about 3 grm. chromic acid and attach the flask 
to the rest of the apparatus. Add to the contents of the flask 
about 30 c.c. of strong sulphuric acid, through a funnel placed 
in the neck of the funnel tube b — a small quantity at first, 
then mix the contents of the flask by shaking, and add the rest. 
Shake again, close the tap of the funnel tube, and heat the 
fiask gently, so that the bubbles of gas do not pass through d 
faster than three a second. When the gas has ceased to be 
evolved, heat the contents of the flask carefully to boiling, 
keep boiling for about a minute, then open the tap of the 
funnel tube, remove the lamp, and attach the soda-lime tube a. 
Having done this, attach an aspirator to the U tube g, and 
draw about 3 litres of air through the apparatus, not faster 
than three bubbles a second. 

Test analyses. Five analyses of a cast iron by this method 
gave 3-40, 3*40, 338, 339, 3*40 per cent, of carbon. 

Aetenntnatlon of Chraplitte and (indirectly) of tlie Combined 

Carbon. 

Treat 2-3 grm. of the powdered iron with boiling rather 
strong hydrochloric acid in a large covered beaker, and keep 
nearly boiling till all action has ceased. f Filter off the 
graphite, wash and convert into carbonic acid as in the pre- 
idous determination. 

The combined carbon is the difference between the total 
carbon and the graphite. 

Betermination of BiUeon (and Slay). 
EOOERTZ's METHOD. 

In this method the substance is treated with bromine} and 
^ater, which dissolves the iron, converts the silicon into 
silica, and leaves the slag unaffected. The residue is heated 

* If more than 15 c.c. of water are used, proportionately more sulplranc 
acid mnst be added afterwards. 

t By proceeding thus, the formation of oily hydrocarbons is prevented. 
Sat it is well to look out for oily matter on the surface of the fluid. If 
any is noticed, the graphite, after beinff washed with boiling water, should 
be treated with potash, then with alcohol, and lastly with ether. 
X Iodine may be used instead, but its action is slower. 
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with solution of carbonate of sodium^ which disaolTes the 
silica but not the slag. The solution of the silica is then 
mixed with the solution of the bromide of iron, the mixtoie 
is acidified with hydrochloric acid and evaporated to diyness, 
and the silica is estimated in the usual way. 

Weigh out about 3 grm. of the powdered iron, add 6 c.a 
of bromine^ and 60 c.c. of water, which has been boiled, and 
cool the mixture in ice. Keep at this temperature for two or 
three hours^ or until the iron is completely dissolved, stirring 
cautiously once or twice, but not agitating too much, which 
would cause the iron to dissolve too rapidly. Add 30 c.c. of 
very cold water, stir well, allow to settle, decant the dear 
fluid through a filter, leaving the deposit in the beaker. To 
this deposit add 5 c.c. water and a few drops of hydrochlonc 
acid and stir. If there is effervescence, add a little carbonate 
of sodium and some bromine. Pour off the dilate acid 
quickly, so that it may not act on the slag. Transfer the 
residue to the filter, and wash it with cold water, till the 
washings give no reaction with ferrocyanide of potassium. Set 
the filtrate aside. 

Unfold the filter while still wet onto a glass plate. Wash 
the contents, with a very fine jet of water, into a platinum 
dish. Ä small paiut brush may be found useful in detaching 
the residue from the filter. Evaporate the water in the dish 
to about 6 c.c, add 3 c.c. of saturated solution of carbonate 
of sodium, heat on the water bath for one hour, stirring 
several times and crushing the residue. Decant the fluid 
through a small filter, and to the residue in the dish add 1 
c.c. of saturated solution of carbonate of sodium and 2 c.c of 
water. Boil for 1 hour, transfer the contents of the dish to 
the filter and wash. 

Acidify the solution of the silica with hydrochloric add, 
mix it with the iron solution previously set aside, and evapo- 
rate to dryness. Dry thoroughly with stirring till no more 
acid fumes escape, place the beaker in boiling water for six 
hours, then add 15 c.c. of hydrochloric acid of 1*12 s.g., and 
leave in the water bath for another hour. When the red 
powder has entirely dissolved, add 50 c.c. water, filter, and 

* The bromine may be kept under water, and taken out of the bottle 
with a pipette. 
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iNrasIi with cold water (warm water forms basic salts^ whicli 
color the silica red). Dry the filter containing the silica^ 
ignite and weigh. If the silica is red from oxide of iron^ heat 
it with hydrochloric acid, filter, wash, dry, ignite and weigh 
&gain. Finally test the silica according to p. 162, to see if 
it is pure. 

The residue left on the filter after treating with carbonate 
of sodium contains graphite, slag, oxide of iron, titanic acid, 
&c. Dry, burn off the graphite, and weigh it: No method 
is known for separating slag from oxide of iron. 

Betermlnatloii of Silicon in Cast Iron and Cast Steel. 

This method may be used for cast iron and cast steel, which 
generally contain only a trace of slag (Eggertz). 

Treat 2 to 3 grm. of the finely powdered metal in a large 
covered beaker with 30 c.c. of boiling hydrochloric acid of 
1'12 s.g., and keep nearly boiling for half an hour. Evaporate 
to dryness, digest with carbonate of sodium, 8cc., as directed 
in the previous determination. 

Beteiminatlon of Sulpbnr. 

EGGEBTZ^S METHOD. 

Here the iron is treated with hydrochloric acid and chlorate 
of potassium, which oxidizes the sulphur to sulphuric acid. 
The solution is evaporated, treated with acid and water, 
filtered, and the sulphuric acid is determined in the filtrate 
with chloride of barium. 

Boil 5 grm. of the finely powdered iron with 200 c.c. of 
water and 10 grm. of chlorate of potassium, then add gradually 
to the still boiling solution 60 c.c. of hydrochloric acid of 
1'12 s.g. in small quantities at first, keeping the solution 
boiling. When the iron has dissolved allow to boil about five 
minutes longer. Evaporate to dryness and dry thoroughly 
(crushing the mass with a pestle) to oxidize any separated 
sulphur, and drive off all chlorine and hydrochloric acid. 
Treat the dry mass with 10 c.c. of hydrochloric acid and 
30 c.c of water ; when all the ferric chloride has dissolved add 
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20 c.c. more water, filter, and wash perfectly with warm water. 
If the washings cause a precipitate in the filtrate it is easily 
dissolved by boiling. 

Boil the filtrate, and add 2 c.c. of saturated solution of 
chloride of barium. After cooling, add 5 c.c. of ammonia of 
*95 s.g., stir well, and allow to stand twenty-four hours. Decant 
the clear fluid, and wash the precipitate at first with hot water 
slightly acidified with hydrochloric acid, and finally with boiling 
water, dry, ignite and weigh. If the precipitate is much colored, 
of course it must be extracted with hydrochloric acid and 
weighed again, but this is unnecessary if, as ofteu happens, it 
only has a faint red tint. 

SetermliiatloB of Vhosplioiiis. 

EGGEBTZ'S METHOD. 

Dissolve 1 to 2 grm. of the iron in nitric acid, evaporate to 
dryness, and dry thoroughly. Moisten the residue with strong 
nitric acid, heat gently, add a little water, filter and wash the 
residue. To the filtrate (which should not measure more than 
50 c.c.) add 30 c.c. of molybdate of ammonium,* and digest at 
40° for some time. Collect the precipitate on a weighed filter, 
wash it with water containing 1 per cent, of nitric acid, dry at 
100® and weigh. The precipitate contains 1*63 per cent, of 
phosphorus. 

Betemünation of 

Treat 2-4 grm. of the finely powdered iron with strong 
hydrochloric acid; when all action has ceased evaporate to 
dryness, and dry thoroughly (to separate silica). Warm the 
residue with a little hydrochloric acid, add water, filter^ and 
wash the residue. To the filtrate add carbonate of sodium till 
nearly neutral, and then carbonate of barium in excess. Filter, 
wash the precipitate thoroughly, mix the filtrate with excess of 
sulphuric acid, and filter. To the filtrate add carbonate of 
sodium in excess, boil well, filter, wash with hot water, dry, 
ignite with sulphur in hydrogen, and weigh the residue of sul* 
phide of manganese. 

* For the preparation of this solution see foot-note, p. 159. 
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Betennlnatloii of Wltro^eii« 

NITROGEN WHICH FORMS AMMONIA ON TREATING THE IRON WITH 

HYDROCHLORIC ACID. 

Dissolve the iron in a flask in hydrocUoric acid. Pass the 
hydrogen, which contains ammonia, through a U tube con- 
taining dilate hydrochloric acid. The solution being ended, 
mix the contents of the XJ tube with those of the flask, distil 
with excess of potash till half the fluid has passed over ; and 
titrate the ammonia in the distillate. 

NITROGEN WHICH REMAINS IN THE CARBONACEOUS RESIDUE ON 
TREATING THE IRON WITH HYDROCHLORIC ACID. 

ULLGREN^S METHOD. 

This process is conducted in the apparatus illustrated in 
fig. 18. A is an ordinary combustion tube, 30 cm. long ; it 
is filled as far as ^ with about 12 grm. magnesite or acid car- 
bonate of sodium, at ^ is a plug of asbestos ; g to f contains 
the mixture of about '1 grm. of the carbonaceous residue dried 
at 130^, with about 3'5 or 4 grm. mercuric sulphate as free as 
possible from mercurous salt, and also the small quantity of 
the mercury salt used for rinsing the agate mortar ; an asbestos 
plug follows next, then a 2-inch layer of coarsely powdered 
pumice (/ to h) which has previously been mixed with mercuric 

Fig. 18. 
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sulphate and a little water and tien dried ;* lastly, a plug of 
asbestos is added. The anterior part of the tube is filled vith 
pieces of pumice, which have been boiled with a concentrated * 
solution of bichromate of potassium and allowed to cool theran. 
After draining they are inserted, still moist, in the tube ; thcj 
serve to absorb the sulphurous add. The gas tube a is con- 
nected with the combustion tube A ; this will have to dip into 
a mercurial trough (not represented in the cut), in which the 
tube B is inverted. The narrowest part of the latter holds 
about 20 C.C. ; it is graduated and must be so narrow as to 
permit of reading off -^ c.c. The bulb c holds about 40 c.c^ 
the lower part 20 to 30 c.c. The tube is completely filled 
with mercury and inverted. Throw up some solution of potash 
(1 part potash and 2 parts water), till the bulb c is filled to 
within about 10 c.c, and then 15 c.c. of a saturated and 
clear solution of tannic acid. The mercury will now stand at 
about e. When the apparatus has been arranged and the part 
of the combustion tube to be heated has been surrounded with 
thin metal plate, drive the air out of the tube by heating one 
half of the carbonate at the end of the tube, then push the 
tumed-up point of a under B, heat the part g f oi the tube 
first gently, to remove any moisture that may have been de- 
posited, then heat the part / Ä, and when this is red-hot, raise 
the mixture rapidly to strong ignition. Proceed with the 
heating, till the evolution of gas stops and the column of fluid 
in the measuring tube ceases to descend. Now heat the rest 
of the carbonate. As soon as the tubes are full of pure car- 
bonic acid, the height of the fluid in B remains constant. 
Now transfer j5 to a water trough, when the mercury and 
potash will be replaced by water. Measure the nitrogen, ob- 
serving the heights of the barometer and thermometer^ and 
calculate the weight. 

Beteimlnatloii of tlie otber BBetAla. 

METALS OF GROUP II. 

Treat 10 grm. of the finely powdered iron with hot nitro- 
hydrochloric acid. When all action has ceased, decant the 

* The object of this layer of pumice impregnated with mercnric sulphate, 
is to prevent the otherwise possible evolution of carbonic oxide. 
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solution^ and treat the residue with fresh nitro-hydrochloric 
acid. Mix the solutionsj dilute largely^ and pass sulphuretted 
hydrogen, at first in the cold, then at 70°, till saturated.* 
Allow to stand twenty-four hours, filter, dry the precipitate, 
'wrhich is principally sulphur, and extract it with warm 
bisulphide of carbon. The small residue may contain the 
sulphides of copper, antimony, and arsenic ; separate them by 
the usual methods. 

METALS OF GROUPS III. — ^V. 

Dissolve 10 grm. of the iron in a platinum dish in dilute 
hydrochloric acid, evaporate with a few drops of sulphuric acid 
till the mass ceases to smell of hydrochloric acid, moisten with 
hydrochloric acid, heat, add water, and filter. Wash and dry 
the precipitate (Pj). 

Heat the filtrate with nitric acid, dilute, throw down the 
iron, &c., by nearly saturating with carbonate of ammonium 
and boiling, then filter. Wash and dry the precipitate (Pg). 

Mix the filtrate with excess of ammonia, heat till the excess 
is almost driven off, filter, dissolve in hydrochloric acid, and 
reprecipitate in the same manner. Filter. Wash and dry the 
precipitate (Pg). 

Acidify the filtrate with hydrochloric acid, concentrate by 
BYaporation, and precipitate with ammonia and sulphide of 
ammonium. After twenty-four hours, filter, and wash the 
precipitate (P^) with water containing sulphide of ammonium. 
Before proceeding, spread the filter on a glass plate, rinse the 
precipitate into a flask, treat it with acetic acid, close the flask 
with a cork, and set it aside. 

Evaporate the filtrate to dryness, drive off the ammonium 
salts, and examine the residue for metals of Oroups IV. and 
v., according to p. 293. 

The several precipitates are examined as follows : 

Py This may contain (besides carbon and silica), phosphide 
of iron, chromium-iron, vanadium-iron, arsenide of iron, car- 
bide of iron, silicon, molybdenum, &c., slag more or less al- 
tered, titanic acid and sulphate of barium. Fuse with the 
carbonates of potassium and sodium, and a little nitrate of 

* The Bolntion nsnaUy has a brownish tint from organic matter, even 
after the ferric chloride is reduced. 
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potassium. Evaporate with hydrochloric acid and a few drops 
of sulphuric acid^ and separate the silica^ as usual ; examine 
it according to p. 162 ; the most likely impurities are Hiame 
acid and sulphate of barium. To the filtrate add ammonia in 
excess, boil to drive off this excess^ filter, redissolve in hydro- 
chloric acid, treat again with ammonia as before, filter off, and 
dry the precipitate (p^. Add sulphide of ammonium to the 
filtrate, filter, and treat the precipitate (pj as P^. Test the 
filtrate for alkaline earthy metals, and weigh the amounts ob- 
tained with those obtained above. 

P^'Ps' ^Ps' 1^6^ contain all the iron and aluminium, 
and that part of the titanic acid that has dissolved. Ignite 
the mixed ignited precipitates in several platinum or porcelain 
boats in a glass tube in pure hydrogen, till no more steam 
issues. Treat the boats and their contents with very dilute 
nitric acid (1 in 40), to dissolve the iron, make the solution up 
to 1000 C.C., and determine the iron in a measured quantity 
by oxidation and precipitation with ammonia. Fuse the 
residue, insoluble in very dilute nitric acid, with bisulphate of 
potassium, take up with cold water, filter off any silica, pass 
sulphuretted hydrogen, endeavour to precipitate titanic acidhj 
boiling and passing carbonic acid, boil the filtrate or clear so- 
lution with nitric acid, precipitate the aluminium with am- 
monia, and separate it from any iron present by the method 
p. 298, (Precip. II.)t 

P^. &^^. These have given up almost all their sulphide of 
manganese to the acetic acid. Filter, suspend the residue in 
sulphuretted hydrogen water, and add hydrochloric acid ; the 
sulphide of zinc and any residual sulphide of manganese are 
dissolved, while the sulphides of nickel, cobalt, and copper, 
are left behind. Evaporate the hydrochloric acid solution to 
a small bulk, and boil with excess of soda; filter off any 
protosesquioxide of manganese, and precipitate the zinc from the 
solution with sulphuretted hydrogen. Incinerate the filter 
containing the sulphides of nickel, cobalt, and copper, dissolve 
in hydrochloric acid, pass sulphuretted hydrogen, filter, and 
estimate the nickel and cobalt in the filtrate. 

* This silica is derived parÜj from the silioon and partly from, the slag. 

t Regard must here be paid to phosphoric acid, as it anects the weight 
of the alumina. Chrominm also, if present, is determined in this pre- 
cipitate. 
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AnalyslB of Cbromlo Iron. 

The mineral must be powdered most finely. Take about 
*5 grm. of the mineral. Fuse it in a large platinum crucible 
with 6 grm. acid sulphate of potassium for fifteen minutes at 
a temperature scarcely above the fusing point of the latter^ 
then raise the heat rather^ allowing fiimes to escape for another 
fifteen minutes ; finally heat strongly till no more fumes escape. 
Add 3 grm. pure carbonate of sodium^ fuse^ and add in small 
portions at a time during an hour 3 grm. nitre^ maintaining 
at a gentle red heat all the while^ then heat for fifteen minutes 
to bright redness. Boil the fused mass with water^ filter^ and 
wash the residue with hot water. 

Digest the residue with hydrochloric acid. If anything 
remains undissolved it must be fused again. It cannot be 
weighed and deducted from the original quantity^ as it has not 
the same composition as the mineral. 

Mix the solution with excess of nitrate of ammonium, and 
evaporate nearly to dryness on the water bath till the free 
ammonia is expelled. On addition of water the chromic acid 
dissolves, leaving silica, alumina, titanic acid, and sesquioxide 
of manganese undissolved. 
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AnalTSis of Zino Ores« 
»■lliniillon of Zlii€ Volmiiotrloally. 

METHOD EMPLOYED IN THE BELGIAN ZINC WORKS. 

In this method the zinc is obtained in ammoniacal solntion, 
and then titrated with sulphide of sodium. 

Solution of the ore and preparation of the ammoniacal soluiioiu 

Take *5 grm. in the case of rich ores^ 1 grm. in the c^se of 
poor ores^ dissolve in hydrochloric acid with addition of some 
nitric acid, expel the excess of acid by evaporation, add water 
and then excess of ammonia. Filter and wash the residue 
with rather warm water mixed with ammonia till sulphide of 
ammonium ceases to precipitate the washings. 

The zinc remaining with the ferric hydrate is disregarded, 
as its amount does not exceed '3 to *5 per cent. (Groll). If 
you wish, however, to recover this you may, after slightlT 
washing the precipitate, redissolve it in hydrochloric acid and 
reprecipitate it with ammonia. 

In the presence of manganese, if approximate results will 
suffice, after addition of excess of ammonia, digest for some 
time at a gentle heat and then filter. The manganese will 
for the most part separate with the iron. 

If lead is present it is separated by evaporating the aqna 
regia solution with sulphuric acid, taking up with water and 
filtering. 

Preparation and titration of the sulphide of sodtum. 

Solution of sulphide of sodium. Dissolve about 100 grm. 
crystallized sulphide of sodium to 1 litre. Or supersaturate a 
solution of soda, free from carbonic acid, with sulphuretted 
hydrogen, and then boil till the excess of the gas is 
driven off. 

Solution of sulphate of zinc. Dissolve 10 grm. pure zinc 
in hydrochloric acid, or 44' 122 grm. crystallized sulphate of 
zinc in water, and make the solution up to 1 litre. 

Measure off 30 to 50 c.c. of the zinc solution into a beaker, 
add ammonia till the precipitate is redissolved, and 400 to 
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500 C.C. distilled water. Rnii in sulphide of sodium as long 
as a precipitate continues to form^ then-stir^ and go on adding 
the sulphide of sodium till a drop of the mixture taken out 
produces a black mark on lead paper. Repeat the experiment^ 
running in the required quantity all but 1 c.c. at once, and 
then adding '2 c.c. at a time till the end-reaction is reached. 
Finally dilute the sulphide of soc^iam if necessary till 1 c.ö.= 
about '01 grm. zinc. The solution requires to be re-examined 
occasionally. 

The best way of testing with lead paper is as follows : — 
Make a solution by warming some acetate of lead, Bochelle 
salt, and soda together; first place a drop of this on filter 
paper, and then close by a drop of the mixture to be tested, 
ao that the circle formed by the spreading of the fluid to be 
teated may cut the circle of the lead solution. As soon as the 
sulphide of sodium begins to predominate, the portion of the 
circumference of the lead circle which lies within the other 
circle turns black. 

The actual analysis. 

Proceed in the same way as for the titration of the sulphide 
of sodium. 

In the presence of small quantities of copper, determine by 
a preliminary experiment the number of c.c. of sulphide of 
sodium which are necessary to precipitate the copper (using 
moist sulphide of zinc spread on a layer of filter papers as 
indicator), and at the end of the analysis deduct them. If 
the copper amounts to more than 2 per cent., remove it by 
sulphuretted hydrogen, evaporate the filtrate with nitric acid, 
dilute and test as usual. 

In careful hands the error will not exceed } per cent 
(Künzbl). 

CABL MOHb's method. 

If a solution of acetate of zinc, acidified with acetic acid, is 
mixed with an excess of ferricyanide of potassium, the zinc is 
precipitated as ferricyanide of zinc. And if iodide of potassium 
is then added in excess, the following reaction takes place : — 

2Zn3(Cy^Fe)g-h4HÄ+4KI 
=3ZnjCy^Pe+4KA + H^Cy^Fe + I^. 
Hie liberated iodine may be titrated, 

8 
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Dissolve the ore in aqua regia^ and driye off tlie greater psrt 
of the free acid^ nearly neutralize with .carbonate of sodiniD, 
add excess of acetate of sodium^ boil, filter, and vaili 
with boiling water mixed with acetate of sodium. ELaving thuä 
freed the solution from iron, add ferricyanide of potassium till 
a drop of the clear supernatant fluid gives a blue precipitate 
wifli a ferrous salt. Then add iodide of potassium, and estimate 
the liberated iodine with hyposulphite of sodium. This method 
can only be employed if the acetic acid solution contains do 
other heavy metal besides zinc, especially no manganese. 
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Aaaljrttis of Xdmeatone and Dolomite. 

Completa Analysis. 

1. Reduce a large piece of the mineral to powder^ mix uni- 
formly and dry at 100°. 

2. Treat about 2 grm. with dilute hydrochloric acid^ eyapo- 
rate to dryness, moisten with hydrochloric acid, add water, 
heat, filter through a weighed filter, wash the residue, dry at 
100° and weigh. It generally consists of 8ilicay clay, and sand, 
and often contains also organic matter. Opportunity will be 
given in 5 for examining this residue. 

Mix the hydrochloric acid solution with chlorine water, 
then with ammonia ia slight excess, allow to stand for some 
time at a gentle heat, and then filter. Wash the precipitate 
slightly, redissolve it in hydrochloric acid, heat, add chlorine 
water, precipitate again with ammonia, and filter. Wash the 
precipitate, dry, ignite, and weigh it. It may contain ferric 
oxide, protoaesquioxide of manganese, alumina, and phosphoric 
acid. Opportunity will be given in 5 for determining its 
several constituents. 

Mix the two filtrates, and separate the calcium and magne» 
sium as directed 88. 

3. If the substance dried at 100° stiU gives water on igni- 
tion this is estimated as directed p. 63. 

4. Estimate the carbonic acid as directed p. 150. 

5. Dissolve 20—50 grm. of the mineral in hydrochloric acid, 
heat to expel carbonic acid, filter into a litre flask, and wash 
the residue. 

Analysis of the residue. 

Treat a portion with boiling solution of pure carbonate of 
sodium, and separate the silicic acid from the solution. This 
process gives the quantity of that portion of the silicic acid 
contained in the residue, which is soluble in alkalies. 

Treat another portion by the usual method for silicates 
(p. 162), and deduct from the silicic acid found, the amount 
just obtained. 

If the residue contains pyrites, fuse another portion with 
carbonate of sodium and nitrate of potassium, soak in water, 

8 2 
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add hydrochloric acid, evaporate to dryness, moisten with hy- 
drochloric acid, heat gently with water, filter, determine the 
sulphuric acid in the filtrate, and from the result calculate the 
amount of pyrites present.* 

Analysis of the solution. 

Make the solution up to 1 litre. 

Treat 500 c.c. as directed p. 296, 7 in order to determine 
the silicic acid that has passed into solution, and the iroHj 
manganese, aluminium, barium, strontium and phosphoric add. 

Treat 250 c.c. with sulphuretted hydrogen, wash the preci- 
pitate, dry and treat with bisulphide of carbon. If a residue 
remains, examine it. 

Mix the remaining 250 c.c. with chlorine water, add am- 
monia and carbonate of ammonium, allow to stand for some 
time, filter, evaporate the filtrate to dryness, ignite in a plati- 
num dish, and finally separate the magnesium from the alka& 
metals as directed 102. The reagents must be most care- 
fully tested for fixed alkalies, and the use of glass and porce- 
lain vessels avoided as much as possible.f If the mineral 
contains a sulphate soluble in hydrochloric acid, precipitate 
the sulphuric acid by a small excess of chloride of barium, 
allow to settle, and filter oflf the sulphate of barium (which is 
to be determined in the usual manner) before proceeding as 
above for the estimation for the alkali metals. 

6. To examine for and if necessary to determine fluoriae, 
treat a rather large quantity of the mineral with acetic add, 
evaporate to dryness till the excess of acid is completely ex- 
pelled, and extract with water. The fluorine is in the residue. 

7. If chlorine is present, warm a portion of the substance 
with water and nitric acid, filter and precipitate with nitrate 
of silver. 



* If the residue contains snlphate of barinm or strontium, these 
pounds are formed again upon evaporating the soaked mass witii hvdro- 
chloric acid ; they remain accordingly on the filter, while the sulpniiTk 
acid from the sulphur of the pyrites passes into the filtrate. 

t The simplest way of examining a limestone qualitatively for alkali 
metals is as follows (Engelbach) :— Ignite some of the powdered mineral in 
a platinum crucible over the blowpipe, boil with a little water, filter, neatra- 
lize with hydrochloric a<;id, precipitate with ammonia and carbonate of 
ammonium, filter, evaporate tne filtrate to dryness, and examine with tht 
spectroscope. The carbonate of ammonium precipitate may be evapo- 
rated with hydrochloric acid to dryness, and examined in like tntL-nn*^ fye 
barium and strontium. 
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TOLUMETRIC ESTIMATION OF THE CARBONATES OF CALCIUM 

AND MAGNESIUM. 

If the substance contains only carbonate of calcium, the 
latter may be estimated directly by means of standard acid. 
But if carbonate of magnesium is also present^ the result of 
the titration expresses the carbonate of calcium + the carbonate 
of magnesium^ the latter being represented by its equivalent 
of carbonate of calcium. In this case you must also estimate 
the calcium separately as follows : — Mix the dilute solution of 
2 to 5 grm. of the mineral with ammonia and oxalate of am- 
monium and filter^ ignite the precipitate and titrate the resi- 
due with standard acid. This gives the carbonate of ccUciumy 
and by subtractiug this from the result of the first titration^ 
you will fiud the carbonate of magnesium expressed in its 
equivalent of carbonate of calcium. 
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AnalTBls of Iron Pyrites. 
Complete Analjsla« 

This mineral often contains arsenic^ zinc^ copper^ cobalt, 
manganese and other metals^ also a residue insoluble in aqiu 
regia. In many specimens traces of gold and thallium haTe 
been found. 

Powder the mineral and dry at lOO*'. 

DETERMINATION OF SULPHUR AND ARSENIC AND EXAMINATION 

FOR ANTIMONY AND GOLD. 

» 

Weigh out about 1 grm.^ mix intimately with 4 parts of pure 
carbonate of potassium and 4 parts of pure nitrate of potas- 
sium, heat in a porcelain crucible cautiously to fusion^ place 
the whole in a beaker, add water, heat, filter into a ^-htit 
flask, and wash the residue with boiling water. 

Allow the filtrate to cool and make up to the mark with 
water. In 200 c.c. determine the sulphuric acid, and calcu- 
late therefrom the sulphur. Evaporate the remaining 300 cc 
with pure sulphuric acid on a water bath, till all the nitric 
acid is expelled, take up with water containing hydrochlonc 
acid, and pass sulphuretted hydrogen cautiously into the fluid 
which should be kept at 70°. If a precipitate forms, collect 
it on a weighed filter, dry, exhaust with bisulphide of carbon, 
and weigh the sulphide of arsenic^ which may afterwards be 
tested for antimony. 

The residue consists principally of ferric oxide. Dry it, 
ignite in hydrogen, and treat the reduced metal with, pure 
dilute nitric acid. If a residue remains, wash it, dissolve in 
aqua regia, and test the solution for gold. Should the resuh 
be equivocal, repeat the experiment with a large quantity of 
the mineral, using a Hessian crucible for the fusion. 

DETERMINATION OF THE IRON, COFFER, ZINC, &C., AND OF TBI 

RESIDUE INSOLUBLE IN ACIDS. 

Digest 2 or 3 grm. with aqua regia to complete decomposi- 
tion. evaporate repeatedly with hydrochloric acid (to remove 
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nitric acid)^ add water^ filter^ wash the insoluble residue, ivy, 
ignite and weigh it. Treat the solution with sulphuretted 
hydrogen at 70°. If no other metal is present besides copper 
(and arsenic) determine the copper as cuprous sulphide. Oxidize 
the filtrate from the sulphuretted hydrogen precipitate by 
heating with nitric acid^ and afterwards separate the iron 
by nearly neutralizing with carbonate of ammonium and 
boiling. 

Mix the filtrate with ammonia. If a small precipitate of 
ferric hydrate forms^ filter it off, dissolve it in hydrochloric 
acid, reprecipitate with ammonia, and finally precipitate the 
zinc, manganese, cobalt, &c., by sulphide of ammonium. Eva- 
porate the filtrate to dryness, ignite and determine the calcium 
and magnesium, which may be present. 

Dissolve the precipitate, or as the case may be the mixed 
precipitates, containing the iron, in hydrochloric acid, make 
the solution up to 500 cc, and determine the iron in 50 c.c. 

EXAMINATION FOR THALLIUM. 

Thallium may often be discovered in pyrites by simply 
holding some of the powdered mineral on the moistened end 
of a platinum wire in the flame of the spectroscope. 

If finely powdered thalliferous pyrites be ignited in a tube 
as far as possible with exclusion of air, sulphide of thallium 
sublimes with the sulphur, and by allowing this almost to bum 
away in the loop of a platinum wire, and then testing the 
residue in the spectroscope, the green line will appear very 
distinctly. 

Thallium may also be detected with great delicacy in the 
wet way. Dissolve the powdered ore in hydrochloric acid, 
with addition of the least possible nitric acid, boil with sul- 
phite of sodium till the ferric salt is reduced, and add one 
or two drops of iodide of potassium. In the presence of 
thallium a light yellow precipitate of iodide of thallium will 
form. 



ESTIMATION OF SULPHUR. 



An approximate estimation of the sulphur may be made as 
follows : — 
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Mix 1 grm. of the very finely powdered mineral with akmt 
5 grm. (exactly weighed) of pure anhydrons carbonate of 
Bodium^^ add about 7 grm. chlorate of potassium, and aboat 
5 grm. anhydrous chloride of sodium^t uiix well, and heat the 
mixture for eight or ten minutes gradually to low redness in 
a wrought iron spoon. Soak in water, filter the solution, boil 
the residue with water, and then wash it well on the filter. 
Finally titrate the solution with standard acid. The quantity 
of acid required for the carbonate of sodium employed 
minus the quantity actually used, represents the amount of 
sulphur present. 

To be quite safe, test a portion of the residue insoluble in 
water by treatment with hydrochloric acid fcr sulphur. 

The process takes 80 or 40 minutes, and the results do 
not vary more than 1 or 1*5 per cent, from the tmtL 
(Pklouze.) 

* Impure carbonate of sodinm may be used, but then the quantify of 
standard acid required to neutralize it must be determined. 

t The aalt is added to moderate the action ; it is unnecessazy when the 
method is employed for roasted pyrites. 
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Ancaysia of Copper Pyrites. 
Complete Analysis. 

Powder the mineral and dry at 100°. 

Heat about 1 grm. in a flask with strong nitric acid ; after 
some time add strong hydrochloric acid^ digest till complete 
decomposition is effected and evaporate nearly to dryness^ 
adding more hydrochloric acid, and evaporating again if neces- 
sary to remove the nitric acid. Treat with, water, filter through 
a weighed filter and wash the residue. 

Dry the residtie, which sometimes contains free sulphur, at 
100°, and weigh. Then heat it in an open crucible till the 
sulphur (if present) is removed and the filter is fully burnt, 
and weigh again. K there is any loss of weight this is put 
down as sulphur, provided of course that the residue retains 
no water at 100°. If the ore contains galena, sulphate of lead 
may be present in the residue. In that case extract the 
residue with acetate of ammonium, precipitate the lead from the 
solution with sulphuretted hydrogen, weigh the sulphide, and 
calculate therefrom the sulphur which is to be added to the 
principal quantity of sulphur, and the lead remaining in the 
residue. 

Make the solution up to 250 c.c. 

Dilute 100 c.c, and determine the sulphuric acid produced 
by oxidation of the sulphur. 

Dilute 100 c.c, and precipitate at 70° with sulphuretted 
hydrogen. Allow to settle, and wash the precipitate with 
weak sulphuretted hydrogen water. Evaporate the filtrate 
with addition of nitric acid, precipitate the iron by nearly 
saturating with carbonate of ammonium and boiUng, and 
estimate manganese, zinc, nickel, SfC, in the filtrate. If 
the precipitate contains only sulphide of copper or sulphides 
of copper and arsenic, dry, ignite with sulphur in hydrogen, 
and weigh 'as cuprous sulphide. If it contains sulphide of 
antimony, spread out the filter on a glass plate, rinse off the 
precipitate into a porcelain dish, dry the filter and replace it 
in the funnel, digest the precipitate with sulphide of potassium 
on a water bath for half an hour^ add a rather large quantity 
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of water (otiierwise a little copper is dissolved), collect on the 
first filter, dry and treat as directed. If it contains lead or 
bismuth, after removing the antimony (if present) as aboire, 
and before igniting with sulphur in hydrogen, treat as foUov« : 
— Boast it, dissolve in aqua regia, add ammonia till neutral, 
then carbonate of ammonium, warm, filter, dissolre the residue 
in dilute nitric acid, repeat the precipitation with carbonate of 
ammonium, unite the two filtrates, acidify and precipitate wüh 
sulphuretted hydrogen. 

If the ore contains antimony and arsenic in determinable 
quantities, portions of these metals may have volatilized as 
chlorides on the evaporation of the aqua regia solution with 
hydrochloric acid, therefore oxidize a fresh portion of the sub- 
stance with strong nitric acid, evaporate to dryness with sul- 
phuric acid to remove nitric acid, dissolve the residue in hydro- 
chloric acid and water, filter, precipitate at 70° with sulphu- 
retted hydrogen, filter, wash the precipitate, treat it as abore 
given with sulphide of potassium, filter, and determine the 
antimony and arsenic in the filtrate. 
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Analysis of Gunpowder. 

Gunpowder, as is well known, consists of nitre, sulphur, and 
cliarcoal, and, in the ordinary condition, invariably contains a 
small quantity of moisture. The analysis is frequently con- 
fined to the determination of the three constituents and the 
moisture, but sometimes the examination is extended to the 
nature of the charcoal, and the carbon, hydrogen, oxygen, and 
ash therein are estimated. 

I shall proceed to give first, a collection of methods by 
which the several constituents may be determined in different 
portions of substance ; secondly, the process employed by Link, 
in which all the constituents are determined in one and the 
same quantity of powder. 

Frooess In wliicli the Bereral Constttnents aire detemüned 
In seiiarate Forttons of tlie Powder. 

Determination of the Moisture. 

Weigh 2—3 grm. of the substance (not reduced to powder) 
between two well-fitting watch-glasses, and dry in the desic- 
cator, or, at a gentle heat, not exceeding 60°, till the weight 
remains constant. 

Determination of the Nitre, 

Place a weighed quantity (about 5 grm.) on a filter, 
moistened with water; saturate with water, and, after some 
time, repeatedly pour small quantities of hot water upon it 
until the nitre is completely extracted. Receive the first 
filtrate in a small weighed platinum dish, the washings in a 
beaker. Evaporate the contents of the platinum dish cautiously, 
adding the washings from time to time, heat the residue cau- 
tiously to incipient fusion, and weigh it. 

The nitrate may also be estimated in an expeditious manner, 
and with sufficient accuracy for technical purposes, by means 
of a hydrometer, which is constructed to indicate the per- 
centage of this ingredient when floated in water containing a 
certain proportion of gunpowder in solution. 
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Determination of the Sulphur. 

Oxidize 2—3 grm. of the powder with pure strong nitnc 
acid and chlorate of potassium^ the latter being added in sm&ll 
portions, while the fluid is maintained in gentle ebullition. If 
the operation is continued long enough, it usually happens 
that both the charcoal and sulphur are fully oxidizdl, and & 
clear solutiou is finally obtained. Evaporate with excess of 
hydrochloric acid to dryness, filter, if undissolved charcoal 
should render it necessary, and determine the sulphuric acid 
as sulphate of barium. 

Or boil about 1 grm. of the powder in a small flask with 
a concentrated solution of permanganate of potassium, and add 
more of the latter from time to time, till the violet coloration 
remains. The whole of the sulphur and charcoal will now be 
oxidized to sulphuric and carbonic acids. Add hydrochloric 
acid, heat till the separated binoxide of manganese is dissolTed 
and the chlorine is expelled, dilute, and precipitate the sol- 
phuric acid with chloride of barium. 

Determination of the Charcoal. 

Digest a weighed portion of the powder repeatedly with 
sulphide of ammonium, till all sulphur is dissolved, collect the 
charcoal on a filter dried at 100°, wash it first with water con- 
taining sulphide of ammonium, then with pure water, dry at 
100°, and weigh. 

The charcoal so obtained must, under all circumstances, be 
tested for sulphur by one of the methods given above, and if 
occasion require, the sulphur must be determined in an aliqnot 
part. The charcoal may also be examined as regards its 
behavior to potash solution (in which " red charcoal'^ * is par- 
tially soluble) and an aliquot part may be subjected to elemen- 
tary analysis. For this latter purpose take a portion of the 
charcoal dried at 100°, and dry at 190°. If the charcoal, on 
this second drying, suffers a diminution of weight, calculate the 
latter into per-cents of the gunpowder, deduct it from the 
charcoal, and add it to the moisture. 

The sulphur cannot be completely extracted by bisnlphide 
of carbon ; comp. Link's process. K it is desired to subject 

* Incompletely carboniased wood. 
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the charcoal itself to analysis, Link's process is particularly to 
be recommended, as the charcoal is much less liable to be 
affected under this method than when subjected to digestion 
with sulphide of ammonium. 

Proaeu In wUali an tbe Oanstltaenti of tlie Onnpoinler are 
dewraillieil in one Portion (after Unk). 

Select a glass tube of 9 mm. bore^ about 10 cm. from the 
end draw it out to 2 mm. bore, and cut it off, leaving about 
5 cm, of the narrow part. The whole tube will thus be 15 cm, 
long. At tbe junction of the wide and narrow parts, place a 
loose ping of ignited as- 
bestes, about I'D cm. 
long. Weigh the tube, 
fill tbe wide part with 
triturated gunpowder, 
(about 3 grm.) and weigh 
again. Now pass through 
the tube a current of 
perfectly dry air, tilt it 
ceasea to lose weight (say 
for 10 hours) ; tbe loss 
indicates the amount of 
moisture in . tbe tritu- 
rated gunpowder.* 

Now place tbe tube (a, 
fig. 19) by means of the 
cork b in the weighed 
flask c, which should have 
a capacity of about 24 
C.C., and treat the powder 
with rectified bisulphide 
of carbon, which will run 
through clear and rapidly 
into e. As soon as the . -~| 
little flask becomes, by '^aj 

* This quantity is frequently soinewliat greater than that contained in 
the gnnpowder in its grannlated condition, as it ia veir possible tliat the 
powder may attract a little moistore on tntaratioa. On Üäa acooiut a 
oorrection must here bo aj^liod, see afterwards. 
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repetition of this washings aboat one-thiid full, ^pplj ^^ 
to it by means of a water bath, of 70 to 80^, and 
the bisulphide into the dry receiver d. The distillate 
for repeating the extraction. After 8 c.c. of the fluid hare 
been poured on the powder six times, all the sulphur that 
can be extracted will have been removed. The sulphur in 
c is cautiously heated just to fnaion, the flask is allowed to 
cool, any vapor of bisulphide of carbon that may remain is 
removed by a stream of dry air, and the flask is weighed. 

The tube containing the exhausted powder is again con- 
nected with the aspirator, and dry air is drawn throngh at \W 
till the weight remains constant. The difference between the 
present weight and the weight of the tube containing the diy 
unexhausted powder represents the amount of sulphur ex- 
tracted, together with the very small quantity of water wfaidi 
the powder dried at the ordinary temperature, gives up wheo 
exposed to 100^. This last small quantity is found by de- 
ducting from the said difference the amount of the sudplini 
found directly. It is to be added to the moisture found ai 
first. 

In order to determine the small quantity of sulphur still 
contained in the exhausted powder, shake out a portion of the 
latter ('5 to '7 grm.), weigh the tube again, and you will know 
the quantity that has been removed, as well as the quantitv 
that remains. The portion removed is oxidized with aqua 
regia, evaporated with hydrochloric acid, and precipitated with 
chloride of barium ; the sulphate of barium is calculated into 
sulphur, and from the latter again the quantity that would 
have been yielded by the whole of the exhausted powder iä 
calculated. The amount thus obtained (which, according to 
Link, will be about *1 per cent.) is added to the sulphur 
directly weighed. 

The portion of exhausted powder remaining in the tube k 
now subjected to the following process for the determination 
of the nitre : — Fasten the tube a, (fig. 20) together with the 
vessel dj by means of the caoutchouc connexion 6, air-tight on 
the air-pump receiver b. Treat the contents of a with cold 
water, and, working the machine very slowly, cause the liquid 
to pass, drop by drop, into c. This operation is repeated with 
warmer and warmer water, the water used at the end being as 
hot as possible — ^the vessel d is filled during the process with 
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water which corresponds in temperature with that used for the 

exbaastion.* In this manner 2 gnn. powder may be perfecÜy 

freed from nitre with 18 

to 24 C.C. water, and thus ^*- ^■ 

the error is avoided which 

is caused by the use of 

large quantities of water, 

and which proceeds from 

the fact that a decided 

amount of organic matter 
is thereby liable to be 

taken up from the char- 
coal. 

The solution of nitre 
is evaporated to dryness 
in a platinum dish, the 
residue dried at 120°, 
weighed, and calculated 
with reference to the 
whole of the powder. 

Now raise the asbestos 
plug a little, with a pla- 
tinum wire, to loosen it, 
and dry the residual char- 
coal at 100° in a stream 

of dry air. If the weight of the charcoal is a little more than 
the weight of the nitre together with the charcoal minus the 
nitre found directly, this difference is occasioned by the fact 
that pure charcoal retains water more firmly than when mixed 
with nitre. The small diSercuce in queation (1 or 1-5 mgrm.) is 
hence to be considered as water adhering to the charcoal, and 
is to be deducted from the water obtained in the elementary 
analysis. 

For the purpose of the combustion, mix the charcoal in the 
tube with some Chromate of lead, cut off the drawn-out part, 
mix the asbestos up with the contents, till s current of air can 
freely pass over the mass, place the whole in a combustion 
tube filled in the proper manner with oxidized copper turnings, 
and burn as usual with application of a curreut of oxygen. 

* If this operation be conducted as directed, none of the salt will 
crrBtalUse at the point of the tabe. 
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The quantities of carbon^ hydrogen, and oxygen obtained (id- 
eluding the small quantity of ash) are also, like the nitre, to 
be calculated with reference to the whole quantity of powd» 
originally taken. 

If it is desired to correct the very small error, which arises 
from the fact that powder attracts a little moisture on trita- 
ration, dry a fresh portion of the un triturated powder in the 
manner described above, and by the help of the number so 
obtained, calculate the quantity of the original gunpovder 
contained in triturated powder. Suppose the original gnmu- 
lated powder yielded '5 water, and contained therefore 99^ 
dry powder, the weight of the dried triturated powder is there- 
fore to be increased in the proportion of 99*5 : 100, and you 
will have the quantity of granulated powder equivalent to it^ 
t.e., the true weight of the gunpowder employed. 
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Anal jbU of Potable Waters. 
Complete Analysis* 

Total solid residue, silica, calcium, and magnesium. Evapo- 
rate 1 litre to dryness, dry at 180°, and weigh. This gives 
the total solid residue. 

Treat with dilute hydrochloric acid, avoiding loss by effer- 
vescence, boil with water, and filter. Wash the residue, dry, 
ignite, and weigh it. This gives the silica. 

To the filtrate add excess of ammonia, and filter off the 
precipitate if it is at all considerable. (This precipitate is 
sometimes weighed and put down as '^ oxide of iron, alumina, 
and phosphates.^') Add a large excess of oxalate of ammonium, 
boil and filter. Wash the precipitate,* dry, ignite, and weigh 
it. This gives the calcium. 

Evaporate the filtrate, add ammonia and phosphate of 
sodium, allow to stand twelve hours, and filter. Wash the 
precipitate with dilute ammonia, dry, ignite, and weigh it. 
This gives the magnesium. 

Sodium and potassium. Evaporate 1250 c.c. to about one- 
sixth, add 2 or 3 c.c. of thin pure milk of lime, so as to give 
the fluid a strongly alkaline reaction, heat for a little while, 
then wash the contents of the dish into a ^ litre flask. If a 
little insoluble matter adheres to the dish, it is of no im- 
portance. Allow to cool, fill to the mark, shake, allow to 
settle, filter through a dry filter, take 200 c.c. of the filtrate 
( = 1000 c.c. of the water), transfer to a J litre flask, add car- 
bonate and oxalate of ammonium, fill to the mark, shake, 
allow to settle, filter through a dry filter, take 200 c.c. of the 
filtrate (=800 c.c. of the water), add some chloride of ammo- 
nium,t evaporate, ignite, and weigh the residual chlorides of 
sodium and potassium. 

Chlorine. Evaporate 1 litre to a small bulk, add a drop of 
Chromate of potassium and titrate with nitrate of silver. 

* In yery accurate analyses this precipitate must be redissolved and 
thrown down again with ammonia and oxalate of ammonium, as it is 
liable to contain magnesium. 

t To convert siS^phate of sodium or potassium into the chloride. 

T 
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Sulphuric acid. Take 1 litre of the water, add hydrocdiloric 
acid and chloride of barium, allow the precipitate to settle 
thoroughly, then filter it off, wash and weigh. 

Nitric and nitrous acids. Estimate as directed p. 137, 4, or 
as directed p. 143 (Chapman), titrating the ammonia in the 
latter case with Nessler's solution. 

Combined carbonic acid. Evaporate 1 litre to a small bulk, 
add a drop or two of tincture of litmus, and titrate with 
standard hydrochloric acid. 

To represent the amounts of the several substances in grains 
per gallon, multiply the grammes per litre by 70. 

astiiiuttloB of MmTA9aMm*~-CUaVm Bomp Test. 

The hardness of natural water is the property of curdling 
soap or of preventing the lathering of soap. It is due prin- 
cipally to calcium and magnesium salts, which act by decom- 
posing the soap, the bases forming insoluble salts with the 
fatty acids. 

The total hardness is the hardness of the water in its natural 
condition. The permanent hardness is the hardness which 
remains after boiling. And the temporary hardness is the 
difierence between the two. 

The hardness is measured by adding to a given quantity of 
the water a standard solution of soap in alcohol till on shaking 
a permanent lather is produced. The result is expressed in 
degrees (Clauk). Each degree signifies the presence of I grain 
of carbonate of calcium, or its equivalent, in 1 gallon (70,000 
grains). And each degree indicates the waste of about 10 grains 
of hard soap for every gallon of water used."^ 

The solutions. 

Standard water, 16P hard. Powder some crystallised sul- 
phate of calcium (selenite) very finely, weigh out *393 gim., 
transfer to a litre flask, fill up to the mark with water, and 
shake till the salt is dissolved. This solution is equivalent in 
hardness to water containing 16 grains of carbonate of calcium 
in 1 gallon. 

* Dr. Frank L/VD uses a degree which represents 1 part of carbonate of 
calcium, or its equivalent, in 100,000 parts of water. To convert GLimx.*!- 
degrees into FnAifKLAKD'a diride.by '7* 
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Soap solution. Dissolve some soft soap in alcohol. Put 
100 c.c. of the standard water into an 8 oz. stoppered bottle, 
run in some of the soap solution from a burette, shake the 
bottle well, run in more soap, shake again, and so on till a 
permanent lather is produced — a lather which lasts unchanged 
for five minutes. The solution should be reduced with alcohol 
so that 32 c.c. may be used in this experiment. 

The actual determination. 

The estimation cannot be made directly on water whose 
hardness exceeds 16^. 

First take 10 c.c. of the water, make up to 100 c.c, put 
into the 8 oz. bottle, and titrate with the soap solution. Refer 
to the Table at the end of the book, and find the degree of 
hardness corresponding to the soap solution used. Multiply this 
by 10, and you will find approximately the degree of hardness 
of the original water. Now dilute some of the original water 
1, 2, '3, &c., times, as may be necessary, so that the hardness may 
not exceed 16°. Take 100 c.c. of this diluted water, titrate with 
soap solution, refer to the Table for the degree corresponding 
to soap solution used, and finally multiply this degree by 2, 3, 
4, &c., according to the extent to which the water was diluted. 
This number will be the degree of hardness according to Clabk. 

To determine the permanent hardness, boil ^ litre of the 
water in a flask, fitted with a long upright tube to prevent 
evaporation, for half an hour, allow to cool, make up to the 
original volume and titrate as above. 
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Analjrsis of Mineral Waters. 
OpeiwtloB« at tiM Sprlaa. 

AFPAAATU8 AND OTHER ESQUISITE8. 

1. A common plunging siphon of 200-250 c.c. capacity. 

2. Four flasks of about 300 c.c. capacity. Each contains 
about 3 grm. hydrate of calcium quite firee from carbonic add, 
and — if the mineral water contains carbonate of sodium — about 
1^ grm. dry chloride of calcium. £ach flask is weighed with 
its contents and its caoutchouc stopper, and the weight i$ 
marked on a label. 

3. A thermometer. 

4. About 8 white glass bottles of 2 to 3 litres capadtr, 
provided with well-fitting glass or caoutchouc stoppen. 
(Caoutchouc stoppers must be purified.) 

5. Four white glass bottles, holding about 7 litres, provided 
with glass or caoutchouc stoppers. 

6. A clean carboy in -basket, provided with caoutchouc 
stopper. 

7. A litre and a half-litre flask. 

8. One middle-sized, and two large funnels. 

9. Swedish filtering paper. 

10. Flasks, beakers, lamp, glass rods, glass tubes, caoutchouc 
tubing, files, scissors, knife, caoutchouc stoppers, corks, string, 
&c. 

11. Reagents, more especially the following: — ammonia, 
hydrochloric acid, acetic* acid, nitrate of silver, chloride of 
barium, oxalate of ammonium, tincture of galls, tincture of 
litmus, litmus paper. 

Besides these articles, the following are also required under 
certain circumstances : — 

If the Water contains Sulphuretted Hydrogen or an Alkaline 
Sulphide, 

12. The reagents and apparatus mentioned pp. 281, 282. 

If the Water contains a large proportion of Iron^ which it is 
intended to estimate directly at the Spring. 
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13. A burette^ pipette^ and standard solution of pennanga- 
nate of potassium (100 c.c.=about '1 grm. iron or less^ ac^ 
cording to circumstances). 

If the whole of the Gases dissolved in the Water are to be 
determined. 

According as the water is poor or rich in carbonic acid the 
method p. 283^ a, or 285^ b, is employed^ and consequently we 
require 

14. The apparatus there described. 

If the free Gases which are evolved at the Spring are to be 
determined. 

In this case we require 

15. The apparatus described p. 286^ 11. 

If the Well is deep, and specimens from various Depths are 
to be examined. 

In this case we require 

16. The apparatus figured p. 279. 

If the Specific Gravity of highly Aerated Water is to be de- 
termined. 

In this case we require 

17. Two or three bottles, such as are figured p. 289. 

ANALYTICAL PROCESSES. 

1. Examine the appearance (color, clearness, &c.) of the 
water. A water will often look clear at first sight, and yet 
upon closer inspection in a large white bottle show a few or 
even a great many colored or colorless flakes, &c. In suoh 
cases, the water is allowed to settle, and the deposit is ex- 
amined under the microscope. This examination often reveals 
the presence of infusoria, plants of the lowest order, Sec. 

2. Observe whether there is disengagement of gas ; whether 
the water in a glass forms small pearly bubbles ; and whether 
gas is disengaged when the water is shaken in a half-filled 
bottle. 

3. Examine the taste and smell of the water. To detect 
very minute portions of odorous matters, half fill a bottle, 
cover with the hand, shake vigorously, and then smeU the 
water. 
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4. Ascertain the reaction of the water, by testing with Utmu 
paper, nnd observe whether the color which the paper has ac- 
quiredj changes upon drying in the air. 

5. Examine the temperature of the water. If the water 
flows from a pipe, it is received in a large glass funnel which 
will allow about as much water to run out as enters. Tbe 
thermometer la fixed in the middle of the contents of the 
funnel, and the height of the mercury noted after some time. 

In addition to the temperature of the spring must be noted 
also: — 

The date. 

The temperature of the air. 

The circumstance whether the temperature of the water is 
constant, or varies in the dififerent seasons of the year ; which 
may generally be ascertained ou the spot 

6. Mil the bottles specified in P- 276, 4 and 5, and the car- 
boy, with water. This must be effected with great care, to 
prevent the water from becoming turbid, which is very likely 
to happen if the bottle accidentally grazes the bottom or sidea 
of the basin. If you cannot succeed iu procuring the water 
quite clear, 61ter it into 4 of the 8 smaller bottles and into the 
larger bottles, using for this purpose large plaited filter« of 
Swedish paper, so that the filtration may be rapid. Some- 
times the filtration may be 

^'*- ^'- avoided by fiUing the 7 lit» 

bottles, allowing to settle, 
and drawing off the clear 
water. 

As impurities occasionally 
float on the surface of the 
water, it is always advisable 
to submerge the bottles 
entirely, and to a sufficient 
depth. In cases where it 
is desirable to avoid the 
least agitation of the water 
iu the well, the bottle or 
flask should be provided 
with the contrivance illus- 
trated in fig. 21 . 

As soon as the thumb 
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is raised, the water rushes into the vessel, whilst the air 

escapes through the other tube, which opens above the 

surface of the water. If the water lies 

beyond the reach of the operator, the **■ 

bottle or flask is tied to a rod, or let 

dowD into the well suspended hy a 

string, and with a weight attached. To 

keep the bottle or flask in the upright 

position, a net may be used, with a 

hole in the middle, through which the 

neck of the bottle is thrust, the net 

being then gathered and tied under the 

bottom of the bottle, and a sufficiently 

heavy weight attached to it. 

If there is a deep well, and it is 
desired to take specimens of the water 
from various depths, the apparatus, fig. 
il2, may be used with advantage. 

On the mouth of the strong flask 
a is cemented air-tight the brass cap b, 
which bears two brass tubes, c and d. 
A glass tubej e, is joined to c, and forms 
a downward continuation of it, nearly 
reaching to the bottom of the flask. 
The tube d descends Jtisi to the interior 
of the cap and surrounds the glass tube, 
as shown in fig. 23. The brass tubes 
are provided with cocks, / and u, which 
can be opened and shut with ease by the 
arms, g and A, and when open ofier a 
perfectlyfree passage. If the cocks are to 
be turned simultaneously, as is usually *^°- ^■ 

the case, the ends of the arms are joined 
by i and k. In the position indicated 
by the figure, both cocks are closed; 
when i is drawn up, both are open. 
To prevent any mistake as to when 

the cocks are turned on or off, the ends of the arms 
should be marked. The upward continuations of the tubes, 
«' and m, fit air-tight j they are fastened on by the screws « 
and 0. The flask is surrounded with a silk net, to which are 
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attached the weight p below^ and the knotted cord q abore; 
the latter serving to hold the apparatus during immersion and 
to measure the depth. The cord r is connected with k, the 
cord 8 with i. The cords are wound above round wooden 
reels, which are marked to avoid confusion. 

When the apparatus is to be used^ close the cocks, and sink 
it to . the desired depth, while two assistants, R and S, hold 
loosely the cords r and s, care being taken that the flask does 
not revolve upon its axis, otherwise the cords may become 
twisted. When the apparatus has been immersed some time, 
and the water has become still again, S draws up the card s, 
and R loosens his hold of r. The cocks are thus turned on, 
and the water enters the flask through e e, while the air, 
forced through the crescent-shaped opening at the top, escape 
at m. The air ascends in large bubbles ; when these oeaae to 
appear the flask is full. R now pulls r, while S slackens i. 
The cocks being now closed, the apparatus is drawn up by g, 
whilst R and S gather in their respective cords gently. If the 
apparatus is properly constructed, the flask will now be quite 
full, and no bubbles will be visible on inverting it. Finallv 
the apparatus is inverted, a bottle is placed under m, and the 
cocks are opened.* 

7. To determine the total carbonic acid. If possible fill 
the plunging siphon with the water, having previously rinsed 
it with the same, empty it into one of the flasks containing 
hydrate of calcium, or hydrate and chloride of calcium, insert 
the stopper, and fasten it down, then fill the other three flasks 
in the same manner. If the siphon can be filled completelv 
with ease, it will not be absolutely necessary to weigh Ae 
flasks, but still weighing is always safer, and enables the ope* 
rator to proceed with greater rapidity, as it is then unneces- 
sary to pay any attention to the perfect filling of the siphon. 

If the mineral water flows &om a pipe, the weighed flasks 
containing hydrate of calcium, &c.,* are held immediately 
under the stream till they are filled almost up to the neck, and 
then corked. 

If the carbonic acid is to be determined in water collected 

* The apparatus I use has the following dixnensions : — Capacity of the 
flask 600 C.C., internal diameter of the brass tubes 7 mm., bore of the oocks 
5 mm., length of the arms 90mm., length of the lateral connectors of the 
arms 105 mm., weight of p 5 lbs. 
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by means of the apparatus^ fig. 22, from the bottom of a well, 
and possibly super-saturated with carbonic acid, the safest 
course is to use the whole amount of the water contained in 
it. In this case it is best to proceed as follows : — In a flask, 
holdiug half as much again as a, place an excess of hydrate 
of calcium free from carbonic acid, and if required, also a 
quantity of solid chloride of calcium more than sufficient to 
decompose the carbonate of sodium. Now, having raised 
the apparatus, unscrew the connectors i and k (so that the 
cocks may be opened separately) and also the top joints of the 
tubes, m and e\ and remove the small quantities of fluid which 
are above the cocks. Now invert the apparatus obliquely, with 
the cock u in the lowest position and over the mouth of the 
flask, open tt, and then cautiously the cock /. In this way the 
water passes out through t«, while the air enters through /. As 
soon as about \ of the contents has run out, close the cocks, 
insert the stopper in the flask and move it gently, in order to 
shake the lime about, and thus efiect the absorption of any 
carbonic acid that may have been disengaged from the water 
in pouring it in and passed into the flask. The rest of the 
water is transferred to the flask in the same manner. This 
done, in order that the carbonic acid remaining behind in a 
may not be lost, transfer about 50 c.c. lime-water or very thin 
milk of lime to a, shake for some time, and then empty it into 
the flask, into which also a is to be rinsed. The flask is now 
corked and the cork fastened down. 

The capacity of a is determined by refilling it with the 
mineral water, emptying it into a tared flask, and weighing. 

8. If the water contains hydrosulphwric acid, we have to 
distinguish between sulphuretted hydrogen, metallic or hydro- 
metallic sulphide and hyposulphite. The sulphur in combina- 
tion with hydrogen or metal or both is first determined 
jointly. 

This is effected best by means of solution of cadmium, which 
is as sensitive as any other metallic solution, and is not aflected 
by hyposulphite of sodium. However, the precipitated sul- 
phide of cadmium being liable to contain chloride of cadmium, 
cannot be weighed directly, but the sulphur must be deter- 
mined in it. 

A fresh portion of the water is now taken, and first the free 
sulphuretted hydrogen expelled from it, then the sulphuretted 
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hydrogen present in combination with metallic sulphide ; tlie 
evolved gases are determined by transmitting them throng u 
ammoniacal solution of nitrate of silver. The sulphar oom- 
bined with metal to sulphide is then estimated by difference 
(unless a bisulphide be present).* 

To effect this object^ the same method may be employed 
which SiMMLEBf used in his excellent analysis of the minenl 
water of Stachelberg. The free sulphuretted hydrogen is first 
expelled from the water by means of pure hydrogen, with the 
aid of an exhausting syringe ; solution of sulphate of manga- 
nese is then added, through a funnel tube ; the sulphuretted 
hydrogen present in combination with metallic sulphide, being 
thus liberated, is then removed. 

The sulphide of manganese is filtered off, and the warm fil- 
trate mixed with solution of nitrate of silver ; if a hyposulphite 
is present, a precipitate of sulphide of silver will fall down, 
which generally contains also chloride of silver. This preci- 
pitate is filtered off, the chloride of silver removed by ammonia, 
the washed sulphide of silver dissolved in nitric acid, the silvei 
in the solution determined as chloride of silver, and the hypo- 
sulphurous acid calculated from the result. 

The filtered precipitate of sulphide of manganese contains 
the sulphur present in form of sulphide ; but if the water con- 
tains a bisulphide the sulphide of manganese is mixed with the 
sulphur which was combined with the sulphide to bisulphide ; 
the free sulphur thus mixed with the sulphide of manganese is 
left undissolved upon treating the precipitate with hydrochloric 
acid. 

For the details of the operation and the apparatus employed 
for the expulsion of the sulphuretted hydrogen, I refier to 
SiMMLER^s original memoir. 

9. If the water contains a somewhat large quantity offemms 
carbonate — ^which is indicated by the rather dark violet ooIüt 
exhibited upon addition of tincture of galls — endeavour to de- 
termine the iron volumetrically with the aid of the perman- 
ganate of potassium. Take about 500 c.c. of the water, and 
perform the experiment in a white bottle, standing on a sheet 



* If the water contains a bisulphide, it will in a large quantity appear 

t "Journ. f. prakt. Chem." 71, 27. 
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of white paper : mix the water previously with dilute sulphuric 

acid. 

Repeat the experiment several times until you obtain sutii- 

ciently constant results. 

10. To deinmine ike whole of the gtuei which the water holdt 

in solution, proceed according to a 

or Äj as the water ia poor or rich in 

carbonic acid : — 

a. The water is poor in carbonic 

acid. Fill a globe, as shown in 6g. 

24, entirely with the water. For 

this purpose fill it first with the 

mineral water, then let it down 

into the well, either tied to a rod, 

or with weights attached to it, and 

suck out the contents through the 

fnitta-percha tube a, until the 
water originally present ia the 
vessel is entirely replaced by fresh 
water from the spring. The cock b 
serves to prevent the water in the 
tube receding during the necessary 
intervals of cessation from sucking ; 
a small piece of vulcanized india- 
rubber tubing may be substituted 
for it. Over the mouth of the 

globe tie a piece of sheet india-rubber, which, by its elas- 
ticity, permits the lateral passage of the tube through a aUt, 
whilst completely closing the mouth of the globe after the 
withdrawal of the tube. Finally withdraw the sucking tube, 
and take the globe out of the well. Then connect it promptly 
with a caoutchouc cock,* fig. 25, a, which is filled with boiled 
water, and tied. 

If the water flows from a pipe, connect this with a caout- 
chouc tube, introduce the latter into the globe, down to the 
bottom J let water run in for some time after the globe is 
full, and close finally with the caoutchouc cock as just now 
directed. 



* A oaoatoboac cxk conaiBta of an india-rabber tube, ' 
little pieoe of glass rod and boasd l^ a conl. 



284 BPZCIAL ANlLniS. 

Then connect the other end of the cock a with the tolie i. 
and the latter again, after pouring some water into it, wit'a 
the graduated tube e, by means of anothemmt- 
'■i®* **■ chouc cock, d. The capacity of the gradntM 
tube c must be at least half as much again u tb 
volume of the ga» which the water holds in «»■ 
Intion, measured in the cold, and at the commcr^ 
pressure. Hence if this process were med for 
waters containing much carbonic add, nnlts 
the tube c were increased to an inconreniem 
size, the quantity of water employed would br 
necessarily so small, that the determination tf 
the other gases dissolved in the water wonld b* 
impracticable. 

Now incline the apparatus a little, suffiaenltc- 
bring some of the water in the tube h into ik 
body of the buib, and boil, vrith the cod i 
closed, and the cock d open, until the stmc 
spheric air is completely expelled, and repUeec 
by aqueous vapour ; then close the Tulcaniw 
india-rubber tube e. When the apparatus is coli 
open the cock a ; the water in the globe bcgia 
immediately to boil, and the gas which it f»li 
in solution escapes into the vacuum. Apply 
heat for about 1 j hour, without exceeding 9'' 
which will keep the water in the globe in nm- 
slant ebullition, and completely expel the g»» 
from it. After this, heat a little more strongl? 
until the boiled water exactly reaches the »mi- 
chouc cock d. The instant this is the case, k 
the ligature round d, remove the tube e from ' 
immerse e in mercury, open it and note i^" 
volume of the gas, the state of the baromc"^ 
and thermometer, and the height of the bk- 
cury in the. tube. 

The expelled gases must be taken to the l»!»- 
ratory in sealed tubes. For this purpose non-graduated tuh»« 
a similar form to c are substituted for the latter; these tubes an 
drawn out at both ends, near the thicker part, so as to adnul rt 
ready sealing. The expulsion of the gases from the water ii 
effected as just now descriljed, and, when the operation isot^ 
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ftnd tlie ligature tied round d, the tube is sealed at the drawn- 
out parts in a blowpipe flame. It is advisable to fill 2 or 3 tubes 
in this manner. As the total quantity of the gas in a definite 
amount of the water is known by the first experiment^ it is a 
matter of indifference whether the tubes used for carrying the 
gas to the laboratory^ contain the whole of the gas expelled from 
the water, or whether a small quantity of it is left in the globe. 
b. If the water is rich in carbonic acid, the foregoing process 
is not suitable. The escape of the other dissolved gases ia then 
favoured by the abundant evolution of carbonic acid^ and we 
can therefore dispense with the vacuum. In the examination 
of such waters I proceed as follows : — A flask holding about 
500 C.C. is filled with the water, as previously de- 
scribed, and then closed with a perforated caoutchouc ^^' 
stopper that has been well kneaded under the mineral 
water ; into the perforation which is filled with the 
water, is inserted the end of a tube, entirely filled with 
distilled water. This tube is bent first at a right 
angle, then at an obtuse angle, and is turned up at 
the end. It is by no means difficult to obtain the flask 
and the gas delivery tube perfectly full of water. 
The flask is placed on a wire gauze, and the end of 
the tube dips into a dish containing boiled potash of 
about 1'27 s.g., in which is inverted a tube of the 
form indicated by fig. 26, also filled with the same 
liquid ; a holds about 5 c.c. Before use, a strip of 
paper is gummed on b, which is marked as shown — 
the numbers indicating the capacity of the portion 
of the tube above them in c.c.*^ As soon as the 
mouth of the gas delivery tube has been brought 
under the opening of the inverted tube, begin to heat 
the flask slowly. The carbonic acid escaping is ab- 
sorbed by the potash, the unabsorbed gases. collect in 
Gradually heat to boiling and continue in 
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ebullition till the volume of gas ceases to increase, 
then remove the delivery tube, and allow to cool. 
Note the volume indicated by the scale, also the 
pressure and temperature, and then fuse off a. The 

* The graduation may be performed with ease and rapidity as follows : 
— ^hold the tube tmder a burette, and run in water till the fluid has passed 
the shoulder ; continue adding water till a whole number of c.c. have been 
run in» and then make the first mark, add another cc. and mark again, Sec, 
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gas can then be transported to the laboratory and g-gftwtiTi«! st 
leisure. Should the gas resulting from one operation nd reack 
the scale, a second operation must be performed with fie^ 
water. It is advisable also to fill another tube in the woe 
manner. There are two sources of error involTcd in thi! 
method : first, we do not know the exact yolume of the water 
from which the gas is produced — ^this arises from the fact that 
on warming, a portion is driven into the tube, before its gs^ 
has been expelled, and although afterwards strongly heated, ve 
cannot be certain that it loses every particle of gas — secondly, 
the tension of the water contained in the potash lie csdjh^ 
be exactly calculated. The error is, however, decidedly BDsDer 
than when a small quantity of highly aerated watar is treated 
after the method a, and the amount of unabsorbed gas is 
scarcely measurable. 

11. If it 18 wished to ascertain accurately the nature oj tk 
gases spontaneously disengaged from the spring, they ^ooU be 
received in test-tubes holding 40 to 60 c.c. For the purpose 
of collecting the gas these are connected air-tight with a foimel 
by means of a cork or caoutchouc tube, as shown in fig. 27 
These tubes are drawn out at a. Larger quantities of gas are 
collected in bottles with drawn-out neck (fig. 28). After 
filling the tubes or bottles with the mineral water, and cod- 
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Becting them air-tight \fith the funnel^ the apparatus^ with 
the mouth of the funnel turned upward, is completely sub- 
merged^ and water sucked out through a narrow tube^ reaching 
down to the bottom of the tube or bottle, until the water of the 
first filling is entirely replaced by a fresh quantity, which has 
not been in contact with air. The apparatus is no«r inverted, 
under the water, and the spontaneously disengaged gas ascends 
through the fannel. Should the gaseous bubbles be detained 
in the neck of the funnel, or below the narrow part of the tube 
or bottle, they may readily be dislodged by tapping the rim of 
the funnel against a hard body. A sufficient quantity of gas 
is allowed to enter to fill the tube or bottle and the neck of 
the funnel ; a dish is now placed beneath the funnel, and the 
apparatus then lifted out of the water ; the narrowed part of 
the tube or bottle is gently heated to remove moisture, and 
then sealed. As the column of water in the funnel above the 
level of that in the dish diminishes the pressure of the gas 
against that of the atmosphere, expansion of the glass need 
not be apprehended. It is necessary to fill several tubes or 
bottles in this manner. 

Should the nature of the spring be such that it is impossible 
to fill the tubes in the manner described, recourse is had to 
the following contrivance : — ^The funnel is weighted by the lead 

Fig. 29. 





ring c, and lowered into the well with a strong oord. The 
tube of the funnel is connected by india-rubber with the tin 
tube ab, and the latter with the glass tubes c, c, c, which have 
a capacity of 40-60 c.c. each, and at the parts where they are 
to be fused off are somewhat thickened and narrowed. The 
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ftuinel is first filled by suction as £ur as the cock b, and tlie 
gas is then allowed to ascend in the funnel till it is under t 
pressure exceeding that of the atmosphere. The cock h is 
then opened and the gas is allowed to pass through c, c, c, tu] 
all atmospheric air is certainly dislodged, c, c, c being nov 
filled with gas from the spring, are warmed^ and then tike two 
outside caoutchouc connectors are closed by compression vitk 
the fingers or by a clamp ; finally^ as soon as the tempeiatnie 
has fallen to such an extent that the outside atmosph^c pres- 
sure is slightly superior to the inside pressure^ the tubes tu 
fused off in succession. 

In the case of chalybeate springs^ carbonic acid ofien io 
greatly predominates in the spontaneously disengaged ga^, that 
a large number of tubes must be filled^ otherwise after the 
absorption of the carbonic acid by potash^ the residue will not 
be enough for the examination of the other gases (nitrogen, 
marsh gas^ oxygen). In such cases I prefer to prtx^eed is 
follows — ^viz.^ to determine the proportion between the Tolumes 
of the gases absorbable and not absorbable by potash, and to 
collect for transport to the laboratory none but the non- 
absorbable gases. 

To effect the firsts fill a graduated cylinder 20 to 30 mm. 
wide^ and holding 200 to 300 c.c.^ with mineral water^ sucking 
out what first enters with a glass tube^ invert it according to 
the nature of the springs either in its basin or in a porcelain 
dish filled with mineral water. Fill it entirely with the gas ; 
in the first case directly^ in the second case by the aid of the 
weighted funnel above described^ which must now be provided 
with flexible tube and gas evolution tube instead of collecting 
tubes. Remove the cylinder from the well with a porcelain 
dish^ suck the confining water almost completely out of the 
dish with a pipette^ add boiled potash in its steady and a^tau^ 
the cylinder to favor the absorption of the carbonic acid 
When this is finished read off the volume of the unabsorbed 
gas, noting the temperature and pressure. In many caaess 
even when large cylinders are used, it would be impossible to 
measure the unabsorbed gas, unless the upper portion were 
narrowed as in fig. 30. 

In order to collect the unabsorbable gases alone, I always 
use the weighted funnel, vith narrow gas tube and flexiUe 
connector. The latter is provided with a screw dip. The 



ANALTBIS OF UINEHAL WATEBS. 389 

gas tube dips into b. dish coataining boiled potasli, in vhich a 

tube of the form fig. 31 is inverted. The clip being open, as 

soon aa you can be certain that the gas 

^"'- ^- coming from the fimnel is perfectly free from ^^- ^^■ 

1 atmospheric air, place the tumed-up end of 
the gaa delivery tube under the tube fig, 
31, and by adjusting the screw clip procure 
a regular succession of small bubbles. As 
these will be almost completely absorbed, it 
will of course be some time before the tube 
is filled to about a, and ready for sealing off. 
12. If mlphuretted hydrogen w given off, 
fill a rather large-sized flask vith the neck 
somewhat drawn out, with the mineral water, 
push over the neck a piece of wide caout- 
chouc tubing purified with potash, and pro- 
vided with a strong clip, insert into the 
other end of the caoutchouc tube a funnel, 
and fill the latter also with water. Invert 
the whole under the surface of the water, and receive 
tbe gases. When the flask is full, close the clip and 
invert the flask in a beaker containing solution of chloride of 
copper mixed with ammonia in excess ; open the clip, and let 
a sufficient quantity of the solution enter the flask ; close the 
clip, shake, allow the mixture to stand some time, filter off 
the sulphide of copper formed, and 
determine the sulphur in it. Cal- **■ 

culate from the quantity of sulphur 
the volume of the sulphuretted hy- 
dr(^en. By subtracting this from 
the gases absorbed by solution of 
potash (determined in 11) you ob- 
tain the volume of tbe carbonic acid. 
13. To determine the specific gra- 
vity of highly aerated water» the 
bottles illustrated fig. 32 may be 
used with advantage. They hold 
200 to 400 c.c. The thin part of 
the neck is 50 mm. long, cylindrical, 
and as uniform as possible in the 
bore, its internal diameter is 5-6 
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mm. ; it is proyided with an etched millimetre scale. Tbe 
mouth of the hottle must be quite round, so that it may be 
closed air-tight with a caoutchouc stopper. To fill the botde 
it is immersed in the water. If the neck is no thinner than 
directed^ there is no difficulty about the filling. As soon u 
the water reaches the middle of the drawn-out part, the moatb 
is closed under water with the thumb, the bottle is taken out 
and then without delay a caoutchouc stopper is driyen in and 
tied down. In this condition the bottle is transported. It is 
well to fill another bottle of the same kind. 

14. Pay attention to every particular connected with the 
springy and in fact, to every circumstance which may have a 
bearing upon the investigation: as, for instance, and more 
particularly, how much water and how much free gas tlie 
spring yields ; — ^whether the quantities of water and of free gas 
remain the same at difierent periods of the year, and with the 
changes in the height of the water in neighboring riTers;— 
whether the level is constant ; — ^whether a muddy deposit or 
solid sinter forms in the outlet pipes or in the reserroir (in 
which case a tolerably large quantity of the deposit must be 
taken to the laboratory for examination) ; — ^to what geological 
formation the mountain belongs on which the spring comes to 
the surface; — ^the depth from which the spring rises; — ^thc 
nature of the basin ; — the predominant action of the water, &c. 

Operatloiis In tbe XAboratory. 

A qualitative analysis is first performed, see QualUaiive 
Analysis, seventh edition, p. 131. 

The course to be pursued in the quantitative analysis of 
mineral waters difiers according to the presence or absence of 
alkaline carbonates. As the analytical course is more simple 
in the case of alkaline than in that of non-alkaline waters, we 
will begin here with the latter, which, in fact, almost entirely 
includes the processes required in the analysis of alkaline 
waters. We proceed upon the assumption that all the substances 
are present which are usually found associated in saline springs. 
The modifications required in the analysis of alkaline, and dl 
sulphuretted waters respectively will be subsequently pointed 
out. 
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As the eyaporation of large quantities of water, which is 
necessary to effect the determination of the substances present 
in very minute proportions, consumes much time, it is 
advisable to begin with this operation and to carry it on con- 
currently with the other analytical processes. 

The contents of three large bottles — consequently, about 
20,000 grm. of the water — are gradually evaporated in a plati- 
num or porcelain dish,* with addition of a suflScient quantity 
of absolutely pure hydrochloric acid to impart a feebly acid 
reaction to the fluid. When the fluid is somewhat concen- 
trated, the evaporation is continued on the water bath, or on a 
very moderately heated sand bath, until the residue is perfectly 
dry. 

The actual analysis of the water is also preceded by the 

DETERMINATION OF THE SPECIFIC GRAVITY. 

If the water is poor in gas. 

Equalize the temperatures of a bottle of the mineral water 
and a bottle of distilled water, and note the height of the 
thermometer. Fill a specific gravity bottle with the distilled 
water, and weigh ; empty the bottle, refill it with the mineral 
water, and weigh again. The quotient obtained by dividing 
the weight of the mineral water by that of the distilled water, 
gives the specific gravity of the former. Take care that there 
are no gas bubbles in the bottle while weighing. 

If the water is highly derated. 

The determination of the specific gravity of such water is 
effected with the aid of the bottles which have been described 
' p. 289, 13, and filled as directed* 

Place the bottle in a room of tolerably constant tempera- 
ture on a horizontal support, and by its side a somewhat larger 
bottle containing distilled water, closed with a cork, through 
which a thermometer passes and dips into the water. After 
a lapse of twelve hours, you may be sure that the contents of 
both bottles possess the same temperature. Now read off the 
thermometer, and the height of the fluid by the scale. Weigh 

* If yon use a porcelain dish, von mnst renonnce the detection and de- 
termination of alnmina in this portion. 

V 2 
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the bottle with its caoutchouc stopper^ remore the cork without 
wetting it^ empty the bottle^ rinse it^ fill it with distilled water 
to slightly above the mark at which the mineral water stood, 
dry the bottle completely^ leave it for a sufficient time near 
the other bottle containing the thermometer^ and then remore 
water from the neck till the height corresponds to that of the 
mineral water previously. Finally, having satisfied yonredf 
that the temperature has not altered, insert the caoutchouc 
stopper and weigh. Deduct the weight of the empty dry bottk 
and cork from the two weights obtained, and you hare the 
necessary data for the calculation most accurately given. 

1. Estimation of the total Amount of the fexsd Is« 
oredients. 

Weigh 200-1000 grm. of the mineral water in a flask, or if 
any deposit has formed use the whole contents of a small bottle. 
Evaporate in a weighed platinum dish. If the water abounds in 
gas, cover the dish, at first and after every fresh addition of 
water, with a large watch-glass. Dry the residue at ISO*' and 
weigh. Fill the dish again one-half with distilled water, and 
add from time to time a drop of dilute sulphuric acid, unto 
you are quite sure that the quantity of the acid added is suffi- 
cient to convert all the salts into sulphates ; keep the dish 
covered during this operation with a large watch-glass ; evapo- 
rate now to dryness, ignite the residue, and weigh. The 
weight found supplies a good control of the analysis. Residues 
abounding in carbonate of calcium should be treated first with 
hydrochloric acid, until it no longer produces effervescence, 
and then evaporated with sulphuric acid. 

2. Determination of the Sulphuric Acid, 

If chloride of barium produces at once a marked turbidity 
in the water acidified with hydrochloric acid, take about 500 
grm. of the water, mix with hydrochloric acid, add chloride of 
barium, allow the mixture to subside for 24 hours, and tlien 
determine the sulphate of barium. If the turbidity produced 
by the chloride of barium is only slight, evaporate 1000-2000 
grm. of the water, with addition of hydrochloric acid, to J, J, 
or less, and treat the residual fluid as just now directed. 
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In the case of sulphuretted waters the sulphuretted hydro« 
gen should first be removed by chloride of copper. 

3. Joint Estibiation or the Chlorine^ Iodine^ and Bro- 
mine. 

Acidify 50-1000 grm. of the water with nitric acid, pre- 
cipitate with nitrate of silver, and weigh the precipitate. 
Waters containing only a small proportion of chlorine must be 
concentrated before the addition of nitric acid. 

4. Estimation of the total Amount of Calcium, the 
Magnesium, the Iron, the Silicic Acid, and the Alkali 
Metals. 

Weigh one of the smaller bottles, filled at the well with per- 
fectly clear water, as directed p. 278; pour some of the 
water cautiously into a beaker, and add to the water, both in 
the bottle and beaker, a slight excess of hydrochloric acid. 
Cover the bottle with a watch-glass, the beaker with a glass 
plate, and apply a very gentle heat, until the carbonic acid has 
escaped. Then evaporate the contents of both vessels, in a 
platinum or porcelain dish, to dryness, and separate the silicic 
acid in the usual manner. To see whether it is pure, treat it 
with hydrofluoric acid and sulphuric acid, as directed p. 162. 
Should a residue remain, it may consist of sulphate of barium, 
possibly of titanic acid. In the latter case it dissolves, when 
fused with acid sulphate of potassium and treated with cold 
water ; in the former case it remains undissolved. 

Soil the hydrochloric solution with some nitric acid, and 
separate any iron, as well as any aluminium that may be present, 
with ammonia. If the precipitate has the color of ferric 
hydrate, it also contains all the phosphoric acid. After slight 
washing dissolve it on the filter in a little hydrochloric acid, 
wash the filter, reprecipitate the solution with ammonia, filter 
through the same filter, wash, ignite, and weigh the precipitate. 
It consists of ferric oxide + alumina + phosphoric acid (if these 
are present), and possibly also traces of silicic acid ; dissolve 
it in concentrated hydrochloric acid, and determine the iron 
by way of control volumetrically, as directed p. 102. The silicic 
acid that may remain behind on solution is to be deducted 
from the iron precipitate and added to the silicic acid. The 
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difference between the ferric oxide found YolometricallY. snd 
the weighed precipitate — which consists principally of ferric 
oxide — ^is of no Yalue with reference to the determination of 
the alumina or of the phosphoric acid^ since the amount of 
these two substances present in the relatiYcly small quantity 
of water operated upon would be as a rule too minute. 

In the fluid filtered &om the iron precipitate^ separate and 
determine the calcium (including the small quantity of copre- 
cipitated strontium) and the magnesium by means of oxalate 
of ammonium. The oxalate of calcium is to be freed firom 
magnesium by double precipitation, and the magnesium is not 
precipitated till the ammonium salts haYC been remoYed by 
ignition. 

The aboYC method can be employed generally, because the 
quantity of manganese is so minute, that it does not impair 
the accuracY of the determination of the calcium and the 
magnesium, with which metals it is precipitated. If its amount 
were larger, after separating the silica and iron, the manganese 
would have to be precipitated with sulphide of ammonium, 
before the separation of the calcium and magnesium could be 
proceeded with. 

For the estimation of the alkali metals, 500—1000 grm. of 
the water are boiled with pure milk of lime, best in a silyer 
dish, then filtered, the filtrate is concentrated, the lime preci- 
pitated by carbonate and a little oxalate of ammonium, filtered 
off, the filtrate evaporated in a weighed platinum dish, gently 
ignited (to remove ammonia), treated with water, ammonia 
and carbonate of ammonium added, allowed to stand for some 
time, filtered from the precipitate — which always forms and 
contains the rest of the calcium and magnesium — ^into a 
weighed platinum dish, and the alkali metals are determined 
as chlorides. If the water contains only a small proportion of 
sulphuric acid, it suffices in evaporating the fiuid containing 
the alkalies, to add, towards the end of the process, some chlo- 
ride of ammonium ; but if the proportion of sulphuric acid 
present is large, it is necessary to add at once, before the 
addition of the milk of lime, a quantity of chloride of barium 
equivalent to the known amount of the sulphuric acid. Make 
sure that the mixed alkaline chlorides when weighed are 
soluble in water and give no precipitate with carbonate of 
ammonium. 
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5. Estimation or the Calcium in the boiled Water.* 

Weigh a flask holding about 1500 c.c, transfer to it 1000 
grm. of the mineral water, and boil for an hour, replacing 
i»rhat evaporates from time to time with distilled water. When 
perfectly cool, weigh the flask with its contents, subtract the 
weight of the flask, and you will have the weight of the boiled 
fluid. Filter through a dry filter, without washing the pre- 
cipitate, weigh the filtrate, determine the lime it contains by 
double precipitation with oxalate of ammonium, and calculate 
the whole amount of the lime remaining dissolved in the boiled 
water as follows : — 

The weight of the filtrate : the weight of the whole after 
cooling : : the lime yielded by the filtrate : a?. 

6. Estimation of the total Amount of Carbonic Acid. 

The flasks previously prepared at the spring (p. 280, 7), 
serve for this purpose. These are first weighed, and then — if 
only a short time has intervened between the filling and the 
analysis — heated for some time in a water bath. Filter the 
clear fluid, without disturbing the precipitate, through a small 
plaited filter, throw the filter, without washing, into the flask 
containing the precipitate and the rest of the fluid, then deter- 
mine the carbonic acid after p. 151. If the original mineral 
water has been measured, you must multiply the c.c. by the 
s.g. to obtain the weight of water employed. 

In determining the carbonic acid in mineral waters con- 
tained in bottles, a loss of the gas would be unavoidable on 
removing the cork, if the water were supersaturated with *car- 
bonic acid. In such cases it is necessary to estimate flrst the 
carbonic acid, which escapes when the pressure of the cork is 
removed, and then that which remains in solution in the water. 

* The old method for determining the calcinm precipitated and that 
remaining dissolved on boilins^, was to filter the boued water, wash 
the precipitate thoroughly, and determine the calcium in precipitate 
and filtrate, — ^this I have rejected in favor of the method described in 
the text. The determination of what portion of the magnesium is 
combined with carbonic acid and what portion with hydrocmoric acid, 
sulphuric acid, &c., can by no means be accurately made by boiling the 
water and estimating the magnesium in precipitate and filtrate. 
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Numerous devices have been proposed for boring the coAa 
without loss of gas; the simplest is that of Fb. Bochledzk, 
illustrated in fig. 33. a is a cork-borer provided below «ith 
a lateral openiug b, and above with a 
*°' ' perforated cork, and tube c fitting aii- 

• tight. The borer being inserted as repre- 

sented — hj this operation, no air either 
enters or escapes — c is connected with the 
apparatus for drying and collecting carbooic 
acid described p. 15 1, by means of a flexible 
tube, provided with a screw clip, and the 
borer turned slowly downwards. As soon 
as b gets free, and the carbonic acid begins 
to issue from the bottle, the stream is to be 
regulated by the clip. When the evolution 
of gas ceases, remove the bottle and draw 
air freed from carbonic acid through the 
system of tubes. The increase of weight 
in the absorption apparatus gives the car- 
bonic acid lost by the water on the removal 
of the pressure. Immediately after the 
bottle has been disconnected from the appa- 
ratus, draw water out of it with a syphon, 
and determine the carbonic acid in it. 

7. Estimation op tr£ Ison (control), Manoanesb, Alumi- 
NirM, Baridu, Stkontiuh, Lithidu, and Phosfhusic Acid. 

We use for this purpose the weighed contents of the three 
large bottles, with the evaporation of which we commenced our 
operations. After the fluid is evaporated and the mass com- 
pletely dried at 100-110°, treat the residue, in order to 
separate silicic acid, &c. (precipitate I.), with hydrochloric acid 
and water, boil the solution with nitric acid, add ammoni«, 
boil till the esccss of ammonia has escaped, filter, wash slightly, 
dissolve on the filter with hydrochloric acid, reprecipitate in 
the same manner with ammonia, and filter off precipitate II., 
which contains ferric oxide, &.c. Digest the united filtrates in 
a nearly filled and closed flask with sulphide of ammonium in 
a slightly warm place for twenty-four hours, then filter off 
precipitate III. This consists principally of sulphide of man- 
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ganese ; it is to be washed with water containing sulphide of 
anamonium. Precipitate the filtrate with carbonate of am- 
moniiun and ammonia^ allow to stand twenty-four hours^ and 
tlien filter oflf precipitate IV., which consists for the most part 
of carbonate of calcium, and is to be washed with water con- 
taining ammonia. Evaporate the filtrate in a porcelain dish 
to dryness, project the residue, little by little,*into a red hot 
platinum dish, drive off the ammonium salts, moisten the residue 
"with hydrochloric acid, dissolve it in water, and boil, with 
addition of pure milk of lime to strongly alkaline reaction. 
Filter off precipitate V., which is composed of magnesia and 
the excess of lime, wash it, precipitate the filtrate with car- 
bonate of ammonium and ammonia, and, after long standing, 
filter off precipitate VI., which is to be washed with water 
containing ammonia. Evaporate the filtrate to dryness, ignite 
gently, to remove ammonium salts, moisten with hydrochloric 
acid, extract with a mixture of absolute alcohol and ether, 
evaporate the filtrate, take up the residue with water, and then 
test the moderately concentrated solution with ammonia and 
carbonate of ammonium. The mixture should remain perfectly 
clear ; but if it does not, the traces of lime and magnesia must 
be removed by a repetition of the above operation. Evaporate 
again to dryness, add a drop of hydrochloric acid, take up 
the residue with water and determine the lithium as phos- 
phate. 

The precipitates I. — ^VI. are treated as follows : — 
Precipitate I. consists principally of silicic acid. It may 
also contain sulphates of barium and strontium. Treat it in 
a platinum dish with hydrofluoric acid, and a little sulphuric 
acid, evaporate to dryness, and, if necessary, repeat this opera- 
tion. Should a residue remain, fuse it with a small quantity 
of carbonate of sodium, treat with water, filter, wash, dissolve 
in hydrochloric acid, and precipitate the solution with sulphuric 
acid. When the precipitate has settled filter it firom solution 
a, and wash. Stop up the tube of the funnel, and fill the latter 
with carbonate of ammonium, allow to stand twelve hours, 
open the funnel tube, wash the residue first with water, then 
with hydrochloric acid (solution b), finally again with water, 
and then weigh the pure residual sulphate of barium. Mix the 
united solutions a and b with carbonate of ammonium and am- 
monia^ allow to stand some time ; if a precipitate forms (which 
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may contain carbonate of strontium) filter it off^ dry, and add 
to precipitate IV, 

Precipitate IL consists principally of ferric oxide ; it contains 
also the alumina^ and^ provided there is enough iron^ the whole 
of the phosphoric acid. Dissolve in hydrochloric acid^ add pure 
tartaric acid, and then ammonia. Having fully convinced 
yourself that no precipitate is formed, precipitate the iron with 
sulphide of ammonium in a small flask, which must be nearly 
filled and closed, allow to stand till the fluid appears of a pare 
yellow color, filter, wash with water containing sulphide of 
ammonium, and determine the iron. To the filtrate add a 
little pure carbonate of sodium and pure nitrate of potassium, 
evaporate to dryness, and ignite till the residue is white. Add 
water and hydrochloric acid till the whole is dissolved,* and 
precipitate the clear fluid with ammonia. If a precipitate forms 
(alumina or phosphate of aluminium, or a mixture of both), 
filter it ofi* and weigh. Mix the filtrate with a little sulphate 
of magnesium. If another precipitate forms, this time consisting 
of phosphate of magnesium and ammonium, the alumina pre- 
cipitate may be calculated as phosphate of aluminium (AlPOJ 
If, on the contrary, no precipitate is formed, the phosphoric 
acid must be determined in the alumina precipitate. I will 
here again observe, that the alumina can only be considered 
as belonging to the mineral water, if the evaporation, &c., has 
been effected in platinum or silver vessels. 

Precipitate III. consists principally of sulphide of manganese. 
It may also contain traces of sulphides of nickel, cobalt, and 
zinc, carbonate of calcium, &c. Treat with moderately dilute 
acetic acid, heat the filtrate, to remove any carbonic acid, add 
ammonia, precipitate with sulphide of ammonium, allow to 
stand twenty-four hours, and determine the manganese as 
sulphide. If any residue was left insoluble in acetic acid, test 
it for the above-mentioned metals. The fluid filtered firom the 
pure sulphide of manganese is to be mixed with carbonate of 
ammonium. K a precipitate forms it is to be treated with 
precipitate IV. 

Precipitates IV, f F., VL The united mass of these precipi- 
tates, together with the small portions of the carbonates of 

group IV. obtained during the treatment of precipitates I. and 

* The residue, which oontains nitric acid, cannot be heated with hydro- 
chloric add in a platinum dish. 
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III. contain the whole of the strontium and the whole of the 
l>arinm which originally passed into the hydrochloric acid 
solution. Ignite the dried precipitate (if necessary in portions), 
in a platinum crucible, most intensely over the gas blowpipe. 
By this means any carbonates of barium and strontium are 
converted into oxides, and a part, at all events, of the car- 
bonate of calcium into lime. Boil the residue five or six times 
with small portions of water, pouring oflF the solution through 
a filter, neutralize the solution with hydrochloric acid, evapo- 
rate to dryness, and test a minute portion with the spectroscope 
— this minute portion is afterwards added to the rest. If 
strontium and calcium alone are present, precipitate the solution 
"with carbonate of ammonium, convert the carbonates into 
nitrates, and separate according to 87. If barium is present, 
separate it according to 81. 

8. Determination of Iodine and Bromine, and of the 
Constituents present in the most minute quantity. 

To determine the iodine and bromine it is most judicious to 
nse the entire carboyful. Add pure carbonate of sodium to 
alkaline reaction, if this salt is not abeady present in the 
water,* and evaporate in a bright iron pot over a strong fire 
very nearly to dryness. Remove the mass as far as possible 
with an iron knife, soften the rest with water, and dry it in a 
porcelain dish. Powder the residues together and heat re- 
peatedly with spirit of 96 per cent., till you are assured that 
all iodide and bromide has passed into solution. Distil the 
alcoholic filtrate separated from residue Ay with addition of 
two drops of pure potash, in a flask placed in a water bath to 
dryness, boil the mass several times with absolute alcohol, distil 
the filtrate separated firom residue B, with addition of a drop 
of pure potash, again to dryness, and heat the residue very 
gentlyt in the retort, till the organic matter is destroyed. Now 
treat with water, filter, and proceed with the solution preferably 
according to 151. This method is not only adapted for the 
discovery, but also the estimation and separation of the iodine, 
in such manner that the bromine can also be determined. 

♦ The presence of carbonate of sodium prevents the possibility of any 
volatilization of hydriodic and hydrobromic acids from the iodide and 
bromide of magnesmm. 

t Intense ignition may occasion considerable loss of iodine, in con- 
sequence of the decomposmg action of chlorides on iodide of potassium« 
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Since traces of substances may have passed into the alobholk 
solution, which have to be sought for in the residue^ proceed u 
follows : — After precipitating the bromine, firee the filtrate firom 
excess of silver by hydrochloric acid, render the Solution alka- 
line with carbonate of sodium, evaporate to dryness, mix this 
small residue uniformly with the lai^e one A and also with B, 
and use the mixture for the determination of the constituents 
present in extremely minute amount (viz., csesinm, rubidium, 
thallium, other heavy metals, boracic acid, fluorine, &c.) pro- 
vided the qualitative analysis has shown any of these bodies to 
be present in weighable quantity. As regards the csBsium, 
rubidium, and thallium, an exact determination wül scarcely 
be possible, if no more than one carboyful be evaporated. The 
thallium falls down as platinum salt with the platinum salts of 
potassium, csesium, and rubidium. The platinum precipitate 
should be thrown down from a concentrated solution^ and it 
will then be finely divided. It is boued 6 or 8 times with 
small quantities of water, the residue is ignited in a stream 
of hydrogen^ and then tested for caesium, rubidium^ and 
thallimn.* 

9. Estimation of the Ammonia. 

Boil, in a distilling apparatus, about 10 litres of the water, 
until about ^ have passed over. In the analysis of saline 
springs you must add some potash or milk of lime to insure 
the ammonia passing over. Transfer the distillate to a flask 
connected with a Liebio's condenser, and distil -^ over. De- 
termine the ammonia in this distillate by adding 5 or 10 c.c. 
of very dilute standard sulphuric acid, and saturating the 
excess of the latter by a solution of soda, of which 5 c.c. 
neutralize 1 c.c. of the sulphuric acid. Let another ^ distil 
over, and determine the ammonia in this (if any is still present) 
in the same way. But the first portion usually contains the 
whole of the ammonia. 



* B. BÖTTGEB has in this maimer foxmd thaUinm in the salts obtamed 
by the evaporation of the Nauheim mother li(|aor8. By extracting the 
saline mass with spirit of 80 per cent., and precipitating uie solution with 
a deficiency of chloride of platinum, a precipitate is obtained which 
consists of the platinum salt of potassium contaimneceesium and rubadhmi. 
whilst the subsequently prepared aqueous extract of the saline mass treated 
in the same manner, yields platmum salt of potasaium oontaining 
thallium. 
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10. Determination of the Nitric Acid. 

Evaporate a rather large quantity of the water with an 
excess of pure carbonate of sodium^ filter off the precipitate 
formed^ wash^ evaporate the solution to dryness^ mix the 
residue uniformly, weigh, and determine in weighed portions 
of it the nitric acid, after p. 137, 4. 

11. Examination of the Gases. 

These are examined by the ordinary processes of gas 
analysis. 

Modifications required by the Presence of a Fixed 

Alkaline Carbonate. 

I. A mineral water, containing an alkaline carbonate, 
cannot contain soluble salts of calcium and magnesium; all 
the calcium and magnesium found in it must, therefore, be 
regarded as carbonates dissolved by the agency of free car- 
bonic acid, even though the whole of the magnesium does not 
precipitate upon boiling the water. The separate determina- 
tion of the calcium in the boiled water is therefore dispensed 
with. For the rest, the determination may be effected as pre- 
viously given. In a separate estimation of the alkali metals, 
always acidify the water and remove the carbonic acid by heat, 
before adding the chloride of barium, if necessary, and boiling 
with milk of lime. 

II. In the analysis of a water so highly dilute that a pre- 
liminary concentration is required, before the estimation of the 
chlorine and the sulphuric acid can be effected, I recommend 
the following method : — 

1. Estimation of the Chlorine, Iron, Manganese, Cal- 
cium, AND Magnesium. 

Transfer the water of several weighed bottles (together about 
3000 grm.) to a porcelain dish ; rinse the bottles, and add the 
rinsings to the water in the dish. A precipitate of ferric oxide 
may have formed in the bottles ; it is a matter of indifference 
whether the rinsing removes this completely or not. Evapo- 
rate the water to i ; pass the concentrated fluid through a 
filter thoroughly washed with some nitric acid and water, and 
well wash the precipitate with boiling water. 

Acidify the filtrate with nitric acid, precipitate with nitrate of 
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silver^ filter, and determine the chloride of silver in the usual 
way. Free the filtrate from the excess of silver by means of 
hydrochloric 'acid, evaporate, and then throw down, with oxa- 
late of ammonium and phosphate of sodium, the small qoac- 
tity of magnesium which is never absent, and traces of calcium 
which may possibly be present. (The precipitates are ignited 
and weighed with the principal quantities.) 

Dissolve the precipitate, together with the sediment whicK 
may still remain in the bottles, in hydrochloric acid, and treat 
the solution by the method given, p. 293, 4. ' 

2. Estimation ot the Silicic Acid, the Sulfhuiuc Aao, 
AND the Alkali Metals. 

Evaporate the contents of several weighed bottles in a por- 
celain dish ; pour a little hydrochloric acid into the bottles^ to 
dissolve the deposit of ferric oxide, &c., which may have formed 
in them, and add the solution to the contents of the disL 
Continue to evaporate the fluid for some time longer, tken 
transfer to a platinum dish, and evaporate to dryness on tLe 
water bath. Moisten the residue with hydrochloric acid, and 
evaporate again to dryness ; moisten once more with hydio- 
chloric acid, add water, apply heat, and filter off the tihcic 
acid. 

Precipitate the filtrate- with chloride of bariam, added in 
the least possible excess, and filter off the sulphate of barima. 
Evaporate the filtrate nearly to dryness, dissolve the residue in 
water, and cautiously add pure milk of lime until the fluid i$ 
strongly alkaline. Heat, and filter ; precipitate with ammonii 
and carbonate of ammonium, and filter again ; evaporate the 
filtrate to dryness, in a platinum dish, and gently ignite the 
residue until all ammonium salts are expelled. Dissolve the 
residue in a little water, precipitate again with ammonia ai^ 
carbonate of ammonium, filter, evaporate, weigh the now pore 
chlorides of the alkali metals^ and separate the potassium and 
sodium. 
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Betermlnation of SugrarSv Starob and Dextrine. 

When a solution containing sulphate of copper, tartrate of 
potassium and soda is boiled with grape (or fruit) sugar, 
cuprous oxide separates. 180 parts (1 atom) of grape sugar, 
reduce 397 parts (5 atoms) of cupric oxide. 

This principle is applied in two ways : either the quantity 
of sugar solution necessary to decompose a given quantity of 
standard copper solution is ascertained, or the copper solution 
is added in excess, and the cuprous oxide produced is de- 
termined gravimetrically. The former method is usually 
adopted. 

The sugar solution must not contain more than '5 per cent, 
of sugar, and free acid if present should be neutralized. 

The methods given below may be applied directly to 
brewer's wort, to the filtrate from the distiller's mash, and to 
diabetic urine. The other substances present with the grape 
sugar do not interfere with the process. However, if such 
interference is suspected, mix the fluid to be tested with 
acetate of lead in a measuring flask, until foreign matters are 
precipitated, dilute to the mark, allow to deposit, pass through a 
dry filter, and use a measured part of the filtrate for the analysis. 
Fermented fluids must be purified as above with acetate of 
lead for the removal of a certain body which would reduce the 
copper solution. 

Dark colored fluids may sometimes be clarified by heating 
just to boiling, adding a few drops of milk of lime (which 
usually produces a copious precipitate of coloring matter and 
calcium salts) and filtering through animal charcoal. How- 
ever, such fluids may often be more conveniently analysed 
directly by the gravimetric method. 

Cane sugar must be converted into grape sugar. This is 
done by heating with sulphuric acid either in a flask or in a 
sealed tube. If a flask is used let it be provided with a long 
wide upright tube for condenser, add 1 c.c. of dilute sul- 
phuric acid for every 15 c.c. of the sugar solution, and boil 
for one or two hours. Some of the sugar is sure to be con- 
verted into caramel. 
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Milk guffor reduces the copper directly^ but in a different 
proportion to grape sugar. It should be converted into gr^ 
sugar by boiling for one hour with a little dilute sulphuric 
acid. 

Milk is treated as follows : — Separate the casein by warm- 
ing to 50^ and adding acetic acid^ clarify the whey with a 
little white of egg^ and filter ; boü the filtrate with a little 
sulphuric acid^ and dilute to ten times the yolume of the milk 
used. 

Starch and dextrine are best converted into grape sugar by 
heating in sealed tubes with sulphuric acid. The action^ Iot- 
ever^ takes longer^ and the results are less accurate than in 
the case of cane sugar. The process is conducted as follows: 
— Put '5 grm. of the starch or dextrine into a strong gkv« 
tube, add 10 c.c. of water and 1*5 c.c. of dilute sulphuric acil 
and seal the tube. Prepare two other tubes in the same 
manner. Heat the tubes, one for three hours and the 
others for six hours in a saturated solution of salt. When :lf 
first tube is cool open it, turn out the contents, neutrals? 
them with soda, dilute to 100 c.c, and determine the supr. 
Treat one of the other tubes in the same manner; if the 
results coincide the conversion is complete, but if the seciind 
result is higher than the first, heat the third tube for three 
hours longer, and then examine it. Either the first or tk 
third Tesult must agree with the second.* 

The Coiiper Solutloii. 

Take of— 

Sulphate of copper, crystallized . 34'639 grm. 

Rochelle salt 173 grm. 

Solution of soda (1 in 10) . . . 600 c,c. 

Water A suflSciency. 

Dissolve the sulphate of copper in about 200 c.c. of vater. 
In another vessel dissolve the Rochelle salt in the solution ^ 
soda. Mix the two solutions, and dilute to 1 litre, 

10 c.c. = '050 grm. of grape or fruit sugar. 
= •0475 grm. of cane or milk sugar. 
=•045 grm. of starch or dextrine. 

• Three tubes of dextrine in beer extract gave 6*47, 6-80, and 6*67. 
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The solation should be kept in a cool dark place in a well- 
stopped bottle. Before using^ dilate 10 c.c. with 40 c.c. water^ 
and boil for some minutes ; if a precipitate forms^ take another 
10 c.c.^ dilute with weak soda instead of water^ and boil again ; 
if any precipitate forms now^ the solution is unfit for use. 



YOLUMBTBIC MBTHOD, 

Put 10 c.c. of the copper solution into a flask; add 40 c.c. 
of water (or soda solution^ if required), and heat to gentle 
boiling. Fill a burette with the sugar solution, and add it 
slowly to the copper solution, which should be kept boiling. 
Keep on adding more sugar till, on allowing the precipitate to 
settle and tilting the flask, no greeirmh tint is observable in 
the clear fluid. If the experiment appears to be finished, 
pour off some of the clear fluid and test it with sugar solution. 
It is well to make the first determination a rough one. 

GBAYIMETBIC METHOD. 

Put 20 C.C. of the copper solution and 80 c.c. of water (or 
soda solution, if required) into a porcelain dish, add a measured 
quantity of sugar — ^not su£Scient to precipitate all the copper — 
and heat for ten minutes on a water bath. Wash the pre- 
cipitate with boiling water, collect on a filter, dry, incinerate 
the filter, ignite with nitric acid, and weigh the cupric oxide. 
The quantity of cupric oxide multiplied by '453 gives the 
quantity of grape sugar. 
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Patcrmlfifttton of TaimliL. 



This process is based on the oxidation of the tumin hj a 
solution of permanganate of potassium or of chloride of lime 
in presence of a considerable amount of sulphindylate of 
potash. If the fluid is properly diluted^ the oxidations are 
perfectly normal^ and if the indigo solution has been added in 
such quantity as to require about twice as much of the oxidising 
agent as the tannin^ you may be quite sure that the last par- 
ticle of tannin is oxidized with the last trace of indigo.* 

The solutions. 

1. A solution of tannin^ containing '001 grm. of the pure 
acid dried at 100^ in 1 c.c. 

2. A rather dilute solution of the purest sulphindylate ol 
potash in water (about 80 grm. of the pasty salt in 1 litre ol 
water). 

3. A rather dilute solution of permanganate of potassium or 
a clear solution of chloride of lime.f 

First determine the relation between the fluids. To this 
end put into a beaker 20 c.c. of the indigo solution^ 1000 cc. 
water and 10 c.c. hydrochloric acid (for chloride of lime) or 
dilute sulphuric acid (for permanganate of potassium)^ place 
the beaker on a white surface^ and add the oxidizing agent, 
with constant stirrings till the last trace of green has giren 
place to a pure light yellow colour (when permanganate is 
used this has a slight tinge of red). 

The addition of 1000 or at least of 500 c.c. water is indis- 
pensablc; as^ if the fluid were less dUute^ the oxidation would 
be abnormal^ the smaller the quantity of water present the 
larger being the amount of oxidizing agent required. 

* This method is also applicable to the estimation of the ooloriog 
matter in cochineal, &c. 

t The solution of the permanganate of potassium is far more permanent 
than that of the chloride of lime ; but, according to Löwentha.l^ the end of 
the reaction is more precisely marked with the latter than with the former. 
The solution of chloride of lime must by all means be kept protectei.1 
from the influence of light. 
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Now mix the indigo solution, acid and water as in the first 
experiment^ add 20 c.c. of the solution of tannin and then the 
oxidisdng agents with stirrings till the last green shade 
vanishes. From the quantity of the oxidizing agent used, 
deduct the amount corresponding to the indigo solution added ; 
the remainder is the quantity corresponding to '020 grm. 
tannic acid. 

The oxidizing agent should be of such strength that about 
10 c.c. may be required for 20 c.c. of the standard tannin so- 
lution ; in other words, that 100 c.c. may represent about *2 
grm. tannin ; and the indigo solution should be about equiva- 
lent to the oxidizing solution. 

The actual analysis. 

To find the quantity of tannin in sumach, oak bark, or 
similar substances, proceed as follows : — 

Take 5 grm. sumach, or 20 grm. oak bark, boil i to f hour 
with about f litre water, allow to cool, rinse the whole into a 
litre flask, fill up to the mark with water, shake, allow to 
settle and take out 80 c.c. of the clear fluid with the pipette 
for each experiment. Dilute these with 1000 c.c. water, add 
10 C.C. acid and 20 c.c. indigo solution, and then the oxidizing 
fluid as above. 

Of catechu 2 grm. will suffice for the preparation of 1 litre 
of fluid. 

Example, 

Suppose 100 c.c. permanganate correspond to *2 grm. tannic 
acid, and 20 c.c. indigo solution are decolorized by 19 c.c. 
permanganate. 5 grm. sumach are boiled as directed, and 
the decoction is made up to 1 litre. 30 c.c. sumach solu- 
tion +20 c.c. indigo solution require 30 c.c. permanganate. 
From these last deduct 19 c.c. (for the 20 c.c indigo solution), 
the remainder =11, represents the tannic acid. Now 100 c.c. 
correspond to '2 grm. tannic acid, therefore 11 c.c. correspond 
to *022 grm. Therefore 30 c.c. sumach solution contain *022 
grm. tannin, therefore 1000 c.c. contain '7333 grm., therefore 
5 grm. sumach contain *7333, therefore the specimen contains 
14*666 per cent, tannin. 

The results are more likely to be too high than too low, 
since the oxidizing agent is not entirely without action on the 
other organic matters present in the extract. It appears, 

x 2 



308 SPECIAL ANALYSIS. 

however^ that the error thus arising does not exceed a fev 
tenths of a per-cent. 



If the specific gravity of a liquid containing tannic add 
with other substances in solution is determined^ and if the 
tannic acid is then removed — ^the fluid not being otherwiK 
altered by the process — and if finally the specific gravity is re- 
determined ; the loss of specific gravity will be proportional to 
the percentage of tannic acid present in the solution. A 
table showing the relation between the specific gr avity of 
tannic acid solutions and the percentage of the acid will be 
found at the end of the book. 

To remove the tannic acid from its solutions we use finely- 
divided hide. A piece prepared for tanning is well wadied 
with water^ stretched on a board, dried at a gentle heat^ and 
converted into a coarse powder with a rough file. Four parts 
of the powder are sufficient to remove 1 part of tannin finom a 
fluid. When employed^ the required quantity of hide filings is 
weighed approximately, soaked in water, and well sqneesed 
with the hands in linen that the adherent water may not 
dilute the solution, with which the material is to be brought 
in contact. If the hide filings thus prepared are shaken for a 
short time with a sufficiently dilute solution of tannin the 
whole of the latter body is removed. 

The acttml analysis, — ^We must first obtain the tannin to 
be estimated in a clear and not too dilute solution. Barks 
and such like substances are first boiled in a finely divided 
condition with water, and then completely exhausted in a dis- 
placement apparatus ; inspissated vegetable juices are rubbed 
up with water in a mortar, the mixture is strained through 
linen and the residue is well washed. As a rule 1 part of 
substance (oak bark, sumach, galls, catechu, &c.) would be 
exhausted with 10 to 12 parts of water. Hence if you take 
20 to 30 grm. substance, you would obtain 200 to 350 grm. 
solution. The solution is made up to a certain weight — ^a 
round number of grammes— uniformly mixed, and the specific 
gravity determined. 

Now weigh off in a flask (dry or rinsed with the fluid) some- 
what more of the tannin solution than would be required for 
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determining tlie specific gravity^ add a certain quantity of hide 
filings^ viz., 4 times the — if we may say so^apparent amount 
of the tannin present (calculated from the s.g.), finally cork 
the flask and shake it briskly for some time. The hide filings 
and the fluid to be precipitated need not be weighed accurately. 
Now filter the solution freed from tannin through linen, and 
redetermine the specific gravity. 

Example. — Oak bark taken 40 grm. ; solution obtained 500 
grm. ; s.g. at 15°, 1*0068 ; pure solution of tannin of this s.g. 
contains 1*7 per cent. 200 grm. fluid were weighed oflf ; this 
contains apparently 3*4 grm. tannic acid, we therefore add 
13'6 grm. hide filings (after they have been macerated and 
squeezed). The s.g. of the filtered solution was 1*0032. 
1-0068-1*0032 + 1 = 10036, which s.g. represents a percentage 
of '9. Therefore 500 grm. of the solution contain 4*5 grm. 
But these 500 grm. were produced from 40 grm. oak bark, 
therefore 40 grm. oak bark contain 4*5 grm. tannin. There- 
fore the oak bark contains 11*25 per cent, of tannin. 
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PEELIMINARY QUALITATIVE EXAMINATION. 



BTaminatton for ITitroiren« 

1. Substances containing a tolerably large amount of nitro- 
gen exhale upon combustion^ or when intensely heated^ the 
well-known smell of singed hair or feathers. No further test 
is required if this smell is distinctly perceptible. 

2. Mix the substance intimately with soda-lime^ and heat 
in a test tube. In the presence of nitrogen^ ammonia will be 
eYolved. The most delicate way of proceeding is to conduct 
the gaseous products into dilute hydrochloric acid^ evaporate 
on a water bath^ and treat with chloride of platinum and 
alcohol. j 

3. When a nitrogenous organic body is ignited with 
potassium^ cyanide of potassium is formed. This reaction is 
applied as follows : — Heat the substance in a test tube wit}i a 
small piece of potassium^ and after complete combustion of 
the metal treat the residue with a little water cautiously^ 
filter^ add two drops of solution of ferrous sulphate and a 
drop of ferric chloride, warm a short time, and add excess of 
hydrochloric acid. If nitrogen is present^ a blue or bluish- 
green precipitate or coloration will appear. This method does 
not answer so well in the case' of alkaloids containiug oxygen. 

4. In organic bodies containing oxides of nitrogen, the 
presence of nitrogen cannot be detected with certainty by the 
above tests, but it may be readily discovered by heating the 
substance in a tube, when red acid fumes, imparting a blue 
tint to iodide of starch paper, will be evolved, accompanied 
often by deflagration. 

Bzamlnatton for Sulphur. 

1. In the case of a solid body, mix intimately with some 
pure nitrate of potassium and carbonate of sodium, and pro- 
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ject gradually into some nitrate of potassimn whicli is fcnng 
in a porcelain crucible ; then dissolve in water^ and test for 
sulphuric acid. 

In the case of a fluids treat with fuming nitric acid, or vith 
a mixture of nitric acid and chlorate of potassium, at first in 
the cold, finally with application of heat, then test for sulphuiie 
acid. 

2. The following method serves for the detection of non- 
oxidized sulphur. Boil the substance with strong potash, and 
evaporate nearly to dryness. Dissolve the residue in a little 
water and test for hydrosulphuric acid, 

JBzamlnatlon for Pfaosphoras« 

Treat the substance as under the ExamincUion for Smtpikmj 
1, testing for phosphoric acid with molybdate of atTnTwoTiiwra 
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Sutiination of Carbon and B jdroffon. 

The substance is burnt in a tube of hard glass with the aid 
of an oxidizing agent^ when the carbon is converted into car- 
bonic acid^ and the hydrogen into water. The products of 
combustion are made to pass first through a tube containing 
chloride of calcium to collect the water^ then through a tube 
containing soda-lime to collect the carbonic acid. The chlo- 
ride of calcium and soda-lime tubes being weighed before and 
after the experiment^ the quantities of water and carbonic acid 
yielded by the substance are found, and from these the carbon 
and hydrogen are calculated. 

The apparatus, Äfc. 

The combustion-tube is made as follows : — ^Take a piece of 
combustion-tubing 90 cm. long, and clean it, if necessary, with 
a rag and stiff wire. Thicken it in the middle over the blow- 
pipe, and draw it out as shown in the figure. Then apply a 

Fio.84. 




small flame to b and separate the tube into two, sealing the 
points. Round the edges at a and c. You will thus have two 
combustion-tubes, each 45 cm. long. Warm them throughout 
their entire length, and inserting a long tube, draw out the 
Trarm air several times, so as to dry them. Finally, close each 
tube with a cork and set them aside. 

The chloride of calcium tube is represented in fig. 85 ; it is 
13 cm. high. It is filled with granulated chloride of calcium, 
and contains little plugs of wool at each end of the chloride. 
The empty bulb serves to receive a portion of the water which 
condenses. When not in use, the two ends should be closed 
with india-rubber caps. 
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The most conyenient tube for absorbing the carbonic idd 
is A. H. Elliott^s compound soda-lime tube (fig. 36). It mir 
be 16 cm. high. The outer tube contains good soda-lime, aii 
plugs of wool at either end of the soda-lime. The inner tube 
contains pumice saturated with sulphuric acid^ it serves to 
catch water which might escape from the soda-lime. \Vbe& 
not in use^ the two ends should be closed with indiaprubber 
caps. 

Fio. 35. . Fia. 36. 




The oxidizing agent commonly employed is oxide of copper. 
This should be ignited^'^ transferred while still hot to a narrov 
necked flask or long tube^ and corked. 

The analysis. 

First select a fine cork for the mouth of the combustion 
tube^ and bore it to fit the bulb end of the chloride of calcittm 
tube. Weigh the tube or watch-glasses containing the pov- 
dered substance^ the chloride of calcium tube^ and the compound 
soda-lime tube. Spread a sheet of glazed paper on the bench, 
and place on this a warm mortar. Fill the combustion tube 
two-thirds with oxide of copper, scooping up the oxide with the 
tube itself; nearly empty the combustion tube into the mortar, 
leaving only about 3 cm. of oxide in the tube ; add the sub- 
stance to the oxide in the mortar, and mix them well ; transfer 
the mixture to the combustion tube, holding the mortar in the 
left hand and scooping up the mixture with the tube; rinse 
out the mortar with more oxide, fill the tube to within about 



* A convenient furnace for this purpose is shown p. 14, fig. 2. 
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3 cm. with £resli oxide^ insert a plug of asbestos, and cork. 
The mixing and filling-in should be performed as rapidly as 
possible, since the oxide of copper is hygroscopic. Tap the 
tube gently on the bench, so as to form a channel along the 
top for the gases to pass, and place the tube in the combustion 
furnace (see p. 14, fig. 8),* allowing the mputh to project one 
inch. Sometimes a combustion tube bulges out and bursts ; 
in that case it has to be surrounded with brass wire gauze be- 
fore being placed in the furnace. By iQcans of the cork, pre* 
yiously got ready, attach the bulb end of the chloride of calcium 
tube, and then join the compound soda-lime tube in the posi- 
tion shown opposite with a piece of flexible tube. The right 
side of the chloride of calcium tube should be inclined slightly 
downwards, so as to prevent the condensed water from running 
back. Both the chloride of calcium and the compound soda- 
lime tubes should be supported independently of the combustion 
tube. Now heat the front of the combustion tube containing 
the pure oxide of copper, and, as soon as this is red-hot, pro- 
ceed to heat the mixture, keeping the oxide of copper red-hot 
all the while. The mixture must be heated in portions of 
about 3 cm. at a time, beginning at the front, and each portion 
must be brought to redness quickly. When the combustion is 
finished, turn out the gas, break the point of the combustion 
tube, and draw air through the apparatus gently for some time. 
Xiastly, weigh the tube or watch-glasses which contained the 
substance, the chloride of calcium tube, and the compound 
soda-lime tube. 

MODIFICATIONS. 

1^ The oxide of copper may be replaced by Chromate of 
lead. In this case the combustion tube may be smaller. 
The Chromate of lead before being used should be heated until 
it begins to turn brown and allowed to cool below 100®. At 
the end of the combustion the part of the tube containing the 
mixture should be heated till the Chromate fuses. To increase 
the power of the lead salt it may be mixed with -^ of bichro* 
xnate of potassium. 

3. Some chlorate or perchlorate of potassium may be placed 
in the hind part of the combustion tube, being separated from 

* The bricks which are represented as forming the bottom, shonld have 
"been placed in the middle. 
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the mixture of substance and oxide of copper bj a plug of 
asbestos. In this case the potassium salt^ which is finsDj 
heated, supplies a current of oxygen which consumes any un- 
burnt carbon and also sweeps out the rest of the carbonic 
acid and water. As no air has to be drawn through ths 
apparatus after the combustion, the tube need haye no tail, 
and may be simply sealed up at the end. 

3. The combustion tube may be open at the hind pait 
and connected with a supply of oxygen. In this case the 
oxide of copper only fills the front part of the tube, and k 
ignited in the tube. The substance is introduced in a boat. 

SPECIAL CASES. 

Oils and fats should be introduced into the oombnstioii 
tube and mixed with the oxidizing agent by wanning and 
moving about the tube. Of course care should be taken not 
to soil the upper part and front of the tube with the sub- 
stance. Chromate of lead, or oxide of copper with chlorate 
of potassium, are more suitable than oxide of copper. 

Volatile liquids are weighed in two or three little bulbs widi 
long necks. These bulbs are easily made from a piece of 
common glass tube ; they should be about 8 mm. in diameter, 
and the neck should be 1 mm. wide and 30 or 40 mm. long ; 
they are filled by warming and then dipping the point into 
the liquid ; when sufiSciently filled the point should be sealed. 
The combustion tube should be 10 or 15 cm. longer than 
usual. First put into the combustion tube 6 cm. of oxide o: 
copper, then scratch the middle of the neck of one bulb, 
break it and let both pieces fall into the tube, add more oxide 
of copper, then break the second bulb into the combua^iuii 
tube, and so on. The tail of the combustion tube should be 
kept warm during the combustion to prevent condensation of 
vapor in it. 

In the presence of nitrogen, use a combustion tube 10 cm. 
longer than usual, and place in the front 10 cm. of clean cop- 
per turnings (see p. 5). Commence the combustion by heatin? 
the metal to redness and maintain it at this temperatuix^ 
throughout the process. The copper is to decompose oxidt'^ 
of nitrogen which might form. 

In the presence of sulphur, to prevent the injurious eflRect of 
the sulphurous acid which is formed, Cabius recommends to 
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use a combustion tube 70 cm. long, to bum with Chromate of 
lead, and not to heat the front 15 cm. containing pure Chro- 
mate above low redness. 

In the presence of chlorine^ if oxide of copper were used 
simply, cuprous chloride would volatilize. The difficidty may 
be overcome by the use of Chromate of lead. 

In the presence of bromine the usual methods do not always 
answer. Goruf-Besanez satisfied himself of this by analysing 
dibromotyrosin. Whether this body was burnt with Chromate 
of lead, with a mixture of Chromate of lead and Chromate of 
potassium, with oxide of copper and oxygen and an anterior 
layer of Chromate of lead, witli an anterior layer of copper 
turnings, whether mixed or in the platinum boat, in whichever 
way the analysis was performed the carbonic acid always came 
out several per-cents too low, because metallic bromide was 
formed, which fused and enclosed carbon, thereby preventing 
its oxidation. The following process, on the contrary, yielded 
good results : — Into a combustion tube drawn out to a long 
point, introduce first 7 cm. of oxide of copper, then a plug of 
asbestos, then a mixture of the substance (finely powdered) 
with about an equal weight of well-dried oxide of lead in a 
porcelain boat ; again a plug of asbestos, then granulated oxide 
of copper, then Chromate of lead or copper turnings. First 
heat the anterior and then the posterior layers to redness, and 
warm the part, where the boat is, very cautiously and gradu- 
ally ; everything combustible distils over, arrives at the oxide 
of copper in the form of vapor, and is there burnt. In the 
boat nothing remains but a mixture of bromide and oxide of 
lead. Complete the combustion with oxygen, taking care not 
to heat the point where the boat is too strongly, nor to con- 
tinue the transmission of oxygen longer than necessary. 
Observe also that no bromide of copper sublimes into the chlo- 
ride of calcium tube. 

In the presence of iodine^ proceed as in the presence of 
chlorine. 

If the substance leaves an ash containing an alkali or an 
alkaline earthy it cannot be burnt with oxide of copper, as car- 
bonic acid would be retained. It should be burnt with a mixture 
of Chromate of lead and iV bichromate of potassium. Or if 
burnt in a boat, the carbonic acid in the ash may be deter- 
mined and added to the carbonic acid absorbed by the soda- 
lime tube. 
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In the presence of mercury , place pure copper tnTnings m 
the front of the combustion tube^ and do not allow the foic- 
most portion to get too hot. 

BstlmatloB of Vltroir«»«* 

1. As Nitrogen (Dumas). 

2. As Ammonia. 

1. Am Hltroff«!!. 

The substance is burnt with oxide of copper^ and the nitro- 
gen, which is evolved as such, is collected and measured. 

The combustion tube should be 70 or 80 cm. long, vA 
sealed at one end. Introduce first about 12 cm. of add ear- 
bonate of sodium, then 4 cm. of oxide of copper, then the 
mixture of the substance with oxide of copper, then inoR 
oxide, and lastly, 15 cm. of copper turnings (p. 4). The copper 
turnings are to decompose oxides of nitrogen which may be 
formed. Make a channel along the top of the tube by gentlj 
tapping it on the bench, attach a gas delivery tube, and pbcc 
the combustion tube in the furnace. Heat the back half of tk 
acid carbonate of sodium to redness, in order to sweep tie 
air out of the tube ; after a little while immerse the eod 
of the delivery tube under mercury contained in a trough, 
and test the evolved gas by receiving it in a test tube of 
potash. When the evolved gas is completely absorbed the 
combustion may be commenced. Invert a graduated cylinder 
holding about 200 c.c. and filled f with mercury and \ witl 
potash, in the mercurial trough ; place the delivery tube is 
position, and heat first the copper, then the mixture, keeping 
the copper hot all the while. Finally sweep out the remaindei 
of the nitrogen by heating the other half of the acid carbonatt 
of sodium, and then measure the gas in the usual way, obsening 
the temperature and pressure. 

To calculate the weight of nitrogen, proceed as fbllowf :— 
First correct the pressure for the tension of aqueous T^or. 
This is done by referring to the Table of Tension of Aquws 
Vapor at the end of the book, and subtracting firom the 
apparent pressure expressed in millimetres the number against 

* These methods are not iaterfered with by the presenoe of snlphir. 
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the temperature at which the gas is measured. Then multiply 
the volume expressed in c.c. by the pressure in millimetres 

^ , , 0012562 , m X J r XI. X 

and also by q + -00367T)760 ' ^ 

}>eratuTe expressed in centigrade degrees. The product is 
the weight in grammes. For shortening the calculation a 
table giving the values of the above fraction for different tem- 
peratures will be found at the end of the book. 

MODIFICATIONS. 

1. To correct the error which is often caused by the pre- 
sence of nitric oxide in the nitrogen^ Frankland recommends^ 
after reading the volume of the gas^ to pass up a little oxygen^ 
then to absorb the excess of the latter with pyrogallate of 
potassium, and to read again. The mean of the two readings 
is the real volume of the nitrogen. 

2. Instead of the acid carbonate of sodium used for sup- 
plying the carbonic acid^ Tb vdichum and Wankltn recommend 
a mixture of bichromate of potassium and well-dried carbonate 
of sodium. The proportion does not matter. 

3. P. Holland collects the nitrogen in plain tubes or 
bottles^ and afterwards transfers the gas to the measuring tube^ 
using an Erdmann^s float to increase the accuracy of reading. 

4. To insure complete burning of difficultly combustible 
substances Strecker recommends to mix the oxide of copper 
with a little arsenious acid, in the vapor of which the carbon 
will bum as in oxygen. 



The substance is ignited with soda-lime^ 
when the nitrogen is evolved as ammonia. 
The ammonia is collected in hydrochloric 
acid and estimated. 

The combustion tube is made as described, 
p. 315^ but it need not be more than 40 
cm. long. 

The soda-lime should be heated in a por- 
celain dish^ finely powdered, and put in a 
stoppered bottle. 

For collecting the ammonia, the most con« 
venient apparatus is the bulbed U tube (fig. 37). 

sr 
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Half fiU the combustion tube with soda-lime, turn it out 
into a warm mortar, and mix it with the substance; tha 
introduce into the combustion tube 3 cm. pure soda-Iiioe. 
afterwards the mixture, fill up with the rinsings of the momr 
and pure soda-lime, and insert a plug of asbestos. Gife tbe 
tube a few gentle taps on the bench to form a dannd 
along the top, attach the bulbed U tube containing soioe 
standard hydrochloric acid (p. 237), and place in tbe fonuce. 
Sometimes it is necessary to surround the combustion tube 
with brass wire gauze before placing it in the furnace, to 
prevent its bulging and bursting during the combustion. Hie 
U tube should be supported independently of the comlwiooD 
tube, or the latter will bend during the combustion. Iii^ 
heat the front of the combustion tube containing the puR 
soda-lime, and as soon as this is red hot, proceed to heat the 
mixture, keeping the front red hot all the while. The mixture 
must be heated in portions of about 3 cm. at a time, beginning 
at the firont, and each portion must be brought to ledsf^^ 
quickly. Finally, break the point of the tail, and draw ai 
through the whole apparatus, to sweep the rest of theammom. 
into the acid. Turn the acid into a beaker, and titrate bad 
with standard alkali. 

MODIFICATIONS. 

Liquid bodies are weighed in small sealed glass bulbs. 

Instead of titrating the ammonia, it may be estimated ^ 
chloride of ammonium and platinum. In that case, the I 
tube is filled with ordinary dilute hydrochloric acid, and aftrf 
the combustion its contents are treated as follows : — ^l^ansfeno 
a porcelain dish ; if liquid hydrocarbons are present, filtff 
them off ; add chloride of platinum, evaporate on a water ban 
to dryness, and treat with a mixture of two volumes of alcolii 
and one volume of ether. If the fluid does not acquire» 
yellow color, there is a deficiency of chloride of platinuß 
Finally, collect the double salt on a weighed filter, wash vi^- 
the alcohol and ether, dry and weigh. The double aalt i; 
sometimes of a brownish colour, arising from the action of il^f 
free hydrochloric acid on fluid hydrocarbons during the evapo- 
ration. Direct experiments have proved, however, that thi^ 
coloration does not afiect the results. 

Many nitrogenous substances give, when ignited with soda- 
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lime^ not ammonia^ but bases of analogous constitution. 
These bases all give double salts with chloride of platinum and 
hydrochloric acid. In analysing substances of this class^ use 
ether mixed only with a few drops of alcohol for washing 
the double salt^ and instead of weighing the double salt 
directly, convert it into platinum by ignition. The double 
salts in question all contain 2 atoms of nitrogen to 1 atom of 
platinum. 

Cloez's Metbod for tbe Ssttmation of Oarboiif Hydrogen^ 

and Nitroeron« 

This method is applicable to solid or fluid, non-volatile or 
volatile bodies, even when they contain sulphur, chlorine, 
bromine, iodine, or inorganic bodies. 

The combustion is effected in a wrought-iron tube with the 
aid of a current of purified air. 

llitlfimtion of Carbon and Bydro^en. 

The combustion tube A B (fig. 38) is of wrought iron, 
20-22 mm. in diameter and 115 cm. long. Both ends project 
20 cm. from the furnace. The first thing to do is to oxidize 
the inner surface of the tube by heating it to redness and 
transmitting a current of steam. As soon as the object is fully 
accomplished, fill the middle of the tube, between E and F, 
with a long layer of strongly ignited coarse oxide of copper, 
keeping it in its place with spirals of cop^jer foil superficially 
oxidized. The empty portions of the tube, jP B and A E, are 
destined to receive long semicylindrical boats of strong sheet 
iron, which can be pushed in and drawn out by means of iron 
wires fastened to the end of each. The boat to be placed in 
the front of the tube at D is 20 cm. long ; it is filled with 
coarse oxide of copper, or — if the substance is readily com- 
bustible — ^this boat is left out. The boat to be placed in the 
back of the tube at C ^ is 30 cm. long ; it is filled with mo- 
derately ignited oxide of copper. The water and carbonic acid 
are collected in the usual way. 

The air which is to pass through the combustion tube is first 
conducted through a small bottle containing dilute potash (the 
entrance-tube only just dipping into the fluid), then through a 
standing cylinder, narrowed towards the bottom, containing 
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Fig. 88. 
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pumice saturated with sulphuric acid, then throo^ 
two long tubes^ the first of which is filled with gnou- 
lated chloride of calcium, the second with solid potssL 
Heat the tube^ as far as it can be heated by tbe 
fiimace, and pass a slow stream of air for 10 to 15 
minutes, keeping the front of the tube open. Now 
allow the part of the tube C £ to cool, take hold of 
the tube with the tongs (fig. 39), remove the stopper 
A, take out the boat 

and allow it to cool ^'^- ^• 

in a closed iron tube 
kept for the purpose, 
if you do not prefer 
to let it remain in 

the combustion tube till cold. When the boat is 
suflBciently cool remove it from the tube, place it on i 
sheet of thin copper foil, and with the polished iroo 
hook (fig. 40) transfer a portion of the oxide of copper 
to the small brass 




Pig. 40. 
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shovel (fig. 41). Now 
quickly distribute 
the substance over 
the oxide of copper 
left in the boat, 

cover it with the oxide in the shovel, place the IxuU 
at once in the combustion tube, with which the ab- 
sorption apparatuses have been previously connected, 
close the back of the tube with its cork, and pis 
air slowly through the apparatus. The combustion i$ 
conducted as usual, i. e., the substance is heated, be- 
ginning in front and proceeding towards the back, 
while the middle and anterior portions of the tube sic 
kept red hot. A comparison of the air-bubbles passing 
through the air-purifying apparatus on the one aide, 
and the carbonic acid absorption apparatus on tbe 
other side, will enable the operator to see how the 
process is going on and when it is finished. Finallv, 
the weighed absorption apparatuses are removed, the 
heating of the tube being continued with transmiflsioa 
of a powerful stream of air to reoxidize the reduced 
copper, and the operator proceeds to the next analysis* 
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SPECIAL CASES. 



Fluid non-volatile substances are treated in the same way ; 
they are transferred to the oxide of copper in the boat CE hj 
the aid of a drawn-out tube^ and their weight is ascertained by 
reweighing the tube. 

Volatile hydrocarbons are weighed in a small stoppered tube 
with a drawn-out end. The stopper being removed, the tube 
is laid on the oxide of copper in the boat C E, at the end^ the 
boat is inserted in the combustion tube^ and a slow stream 
of air is transmitted through the tube^ the front half of which 
is red hot. If the stream of air is not sufiScient to convey the 
fluid at the ordinary temperature to the oxide of copper^ the 
part of the tube containing the fluid must be heated^ proceeding 
from the front to the back. 

In the combustion of nitrogenous substances, the iron boat D, 
filled with oxide of copper^ is replaced by a copper boat filled 
with copper turnings^ whose surface^ at first oxidized^ has been 
reduced by ignition in a stream of hydrogen. The current of 
air must be particularly slow in the first part of the operation, 
and somewhat more rapid towards the close, in order that the 
front of the boat may remain metallic to the end, and may 
consequently not lose its power of reducing the oxides of 
nitrogen. 

In the analysis of substances containing sulphur , chlorine, 
bromine, or iodine, the boat C £ is filled with Chromate of lead 
and the boat D with perfectly dry red lead or Chromate of 
lead, and the hind boat is heated only to incipient redness^ 
that its contents may not fuse. 

Organic substances, containing inorganic bodies, are placed in 
a porcelain boat, which is pushed up to the permanent layer 
of oxide of copper in the middle of the tube on a piece of 
platinum foil with tumed-up edges by the aid of a wire 
fastened to the foil. When the products of dry distillation 
have been consumed, the residual carbon is finally burnt at 
the expense of the oxygen of the stream of air. In the case 
of very difficultly combustible substances, the operation takes 
a somewhat longer time than when oxygen is employed, but 
the results are equally accurate. 
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Bfltlmatioii df Vitrofea (as Vftrocea). 

Compare p. 320. 

The front boat is iSlled with copper turnings that haire been 
oxidized and afterwards reduced ; the hind boat with oiide of 
copper and the substance. Into the back of the tube pore 
carbonic acid is conducted by means of a tube provided vith 
a tap, till all the air is expelled, the tap is then turned off, the 
point of the gas delivery tube attached to the front of the 
tube is put under the cylinder filled with mercury and potash, 
and the tube, which has previously been brought to redness 
in the middle and in front, is now heated behind ; finally the 
cylinder is raised as high as practicable in order to diminish 
as much as possible the pressure of the mercury, and the t&p 
being opened, carbonic acid is conducted through the tube till 
the whole of the nitrogen is transferred to the cylinder. In 
making the carbonic acid apparatus, it must be remembered 
that the gas will have to overcome the pressure of the mercury. 

Estimation of Sulpbnr. 

AS SULPHATE OF BARIUM. 

1. By fusion with KHO + KNO3 (Liebig. For non-volatüe 

substances poor in S). 

2. By combustion with NagCOjj + KCIO3 (Kolbe. For non- 

volatile or difficultly volatile substances containing 
. more than S-^S). 

3. By combustion with NagCOg + KjCrgO^ (Debus. Espe- 

cially for volatile substances). 

4. By combustion with HgO (W. J. Russell). 

5. By heating with KHO solution, and passing CI (Ritot, 

Beudant and Daguin). 

6. By Nitric Acid (Carius). 

1. BY FUSION WITH POTASH AND NITRATE OP POTASSIUM. 

Put some lumps of potash (free from sulphuric acid) into a 
capacious silver dish, add ^ of pure nitrate of potassium, and 
fuse the mixture, with addition of a few drops of water. Whoi 
the mass is cold, add the finely pulverized substance, fuse, stir 
with a suver spatula, and increase the heat, continuing the 
operation until the colour of the mass shows that the carbon 
separated at first has been completely consumed. Should this 
occupy too much time, you may accelerate it by the addition 



ESTIMATION OF SULPHUR. 327 

of nitrate of potassium in small portions. Let the mass cool^ 
then dissolve in water, add excess of hydrochloric acid in 
a beaker covered with a glass dish, and precipitate with 
chloride of barium (p. 164). 

2. BT COMBUSTION WITH CARBONATE OF SODIUM AND 

CHLORATE OF POTASSIUM. 

Take a combustion tube 40-45 cm. long, sealed and rounded 
at one end, and introduce, first, a layer, 7-8 cm. long, of an 
intimate mixture of 8 parts of pure anhydrous carbonate of 
sodium, and 1 part of pure chlorate of potassium ; after this 
introduce the weighed substance, then another layer, 7 or 8 
cm. long, of the same mixture ; mix the organic compound in- 
timately with the carbonate of sodium and chlorate of potassium 
by means of a long wire, twisted corkscrew fashion (with a 
single twist) ; fill up the still vacant part of the tube with an- 
hydrous carbonate of sodium mixed with a little chlorate ot 
potassium. Clear a wide passage from end to end by a few 
gentle taps, place the tube in a combustion furnace, and heat in 
the usual way, beginning at the front. In the analysis of 
substances abounding in carbon it is advisable to introduce 
into the back of the tube a few lumps of pure chlorate of 
potassium, to insure complete combustion. The sulphuric acid 
is precipitated as directed p. 164. 

3. BY COMBUSTION WITH CARBONATE OF SODIUM AND 

CHROMATE OF POTASSIUM. 

Dissolve 149 parts of recrystallized bichromate of potassium 
and 106 parts of carbonate of sodium in water, evaporate to 
dryness, reduce the mass (KgCrO^+NagCrO^+NagCOg) to 
powder, ignite strongly in a clay crucible, transfer still hot to 
a long tube sealed at one end, and cork.* When the powder 
is cold introduce a layer of it, 7-10 cm. long, into a common 
combustion tube ; then introduce the substance, and after this 
another layer, 7-10 cm. long, of the powder. Mix intimately 
by means of a long wire, twisted once round at the end, cork 
screir fashion ; then fill the still unoccupied part of the tube 

* The saline mass must always first be tested for stilphnr. For this 
purpose a small portion of it is reduced with hydrochloric acid and alcohol, 
chloride of barium added, and the mixture allowed to stand 12 hours at 
rest. No trace of a precipitate should be discernible. 
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vith the saline mixture, and heat in the naual wajr. Whet 
the entire mass is heated to redness, conduct a slow stresm of 
dry oxygen gas over it for J-1 hour. When the tube iac old 
cut it into several pieces over a sheet of paper^ and treat thf 
pieces in a beaker with a sufficient quantity of ivatertodiaBolre 
the saline mass. Add hydrochloric acid in tolerable exoes, 
then some alcohol, and apply a gentle heat until the solntkn 
shows a beautiful green colour ; filter off the sesquioxide of 
chromium produced by the combustion (this contains sulphuric 
acid) ; wash first with water containing hydrochloric acid^Üiea 
with alcohol, dry, and transfer to a platinum crucible ; add the 
filter ash, mix with 1 part of chlorate and 2 parts of carbonate 
of potassium (or sodium), and ignite until the sesquioxide d 
chromium is completely converted into alkaline Chromate. 
Dissolve the fused mass in dilute hydrochloric acid, and reduce 
by heating with alcohol ,* add the solution to the fluid filtered 
firom the sesquioxide of chromium, heat the mixture to boiiio^« 
and precipitate the sulphuric acid with chloride of barium (p- 
164). Debuses test-analyses were very satisfactory ; thus he 
obtained 9976 and 9950 of sulphur for 100, again 30-2 of 
sulphur in xanthogenamide for 30*4, &c. 

4. BY COMBUSTION WITH OXIBE OF MB&CX7BT. 

Introduce into a combustion tube 40 cm. long, sealed at 
one end, first 2-3 grm. pure oxide of mercury, then a mix- 
ture of equal parts of oxide of mercury and pure anhydrous 
carbonate of sodium, mixed with the substance, and fill np the 
tube with carbonate of sodium mixed with a little oxide d 
mercury. Connect the open end of the tube with a ga» 
delivery tube dipping under water, to efiect the condensation 
of the mercurial fumes. Place a screen before the part of 
the tube occupied by the substance, then heat the £ront to 
bright redness, and maintain this temperature during the 
entire process. At the same time, heat another portion of 
the tube, nearer the end, but not to the same degree of 
intensity, so that there may be alternate parts in the tube in 
which the oxide of mercury is left undecomposed. "When the 
part before the screen is at bright redness, remove the screen, 
heat the mixture containiug the substance, regulating the 
application of heat so as to insure complete decomposition is 
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the course of 10-15 minutes^ and heat at the same time the 
still unheated parts of the tube, and lastly also the pure oxide 
of mercury at the extreme end. The gas must be tested 
from time to time, to ascertain whether it contains free oxygen. 
Dissolve the contents of the tube in water, add some chloride 
of mercury, to decompose the sulphide of sodium which may 
have formed, acidify with hydrochloric acid, oxidize the sul- 
phide of mercury which may have formed, with chlorate of 
potassium, and finally precipitate the sulphuric acid with 
chloride of barium (p. 164). W. J. Russell obtained by 
this method very satisfactory results in the analysis of pure 
sulphur, sulphocyanide of potassium, and bisulphide of carbon. 

5. BY HEATING WITH SOLUTION OF POTASH AND PASSING 

CHLOAINE. 

Heat with pure potash solution, add 2 volumes of water, and 
pass chlorine. When the oxidation is effected, acidify, boil 
off the chlorine, filter, and precipitate with chloride of barium 
(p. 164). 

6. BY NITBIC ACID. 

a. Method, suitable far aU bodies containing Sulphur {organic 
and inorganic) with the exception of those which yield 
an Ether of Sulphurous Acid on Oxidation with Nitric 
Acid at the ordinary pressure. 
*15 to *40 grm. substance is taken. Fluids are introduced 
into a glass bulb as described p. 818. Fig. 42 represents a 
bulb filled with fluid. The quantity of air enclosed should 
be small, the ends must be bent and very thin in the glass. 
In the case of solid bodies, a small bulb-tube (fig. 43) is 
used of thin glass and with a neck 2 or 3 mm. wide. The 
tube is first weighed, and then the bulb is nearly filled with 
the powdered substance. The tube is reweighed and sealed 
off as in fig. 44, care being taken, that while none of the sub- 
stance is decomposed, at the same time only a slight amount 
of air is enclosed. 

The bulb thus prepared is introduced, together with a 
sufficiency of pure nitric acid, into a tube of Bohemian potash 
glass, sealed round at one end, of 10-12 mm. inner diameter, 
and of such a length that when sealed up it may be at most 
only half filled. The upper end of the tube is then thickened 
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before the lamp, as represented fig. 4&, and afterwards drawn 
out at a to a thick-walled capillary tube. 

As reeards the amount of 
mtnc acid to be employed, 
we must first calcol&te km 
much oxygen the Bnbatanix 
to be oxidized requires. We 
then take as moch nitric und 
of 1'2 B.^. as contains 4 times 
the required amount <tf arail- 
able oxygen, reckoning tbit 
all 5 of the atoms of oxygen 
in NgOj are available (1 grm. 
nitric acid of r2 o.g. eon- 
tains '215 grm. of such 
oxygen). Bodies which re- 
quire the least oxygen must 
tSI^ therefore be famished with 

I jB iO times, and thoee which 

^lW require the most oxygen, with 

yf 60 times their weight of nitric 

11 acid of the gravity men- 

^to^ tioned. 

The tube, after being filled 
and drawn out as directed, is 
held round the middle with a 
holder, and the fluid is heated 
till the nitric acid vapor issues with violence. As soon as 
the air has been thus driven out of the tube, the capillary 
tube is sealed. Allow to cool slightly and then shake till the 
two points of the bulb containing the substance are broken, 
openings being formed at both ends about 1 mm. wide : thi» 
is absolutely necessary to effect a rapid and complete oxida- 
tion. When shaking a cold tube of the above description, i^., 
containing a fiuid and a vacuous space, the fluid beats hard 
against the glass, and the point of the capillary end is liable 
to break if it is not very narrow (hke an ordinary thermometer 
tube) and is not tolerably thick-walled. The glass tube is 
now inserted into an iron tube, and cautiously heated in an 
air, parafiBuj or metal bath, the iron tube being only loosely 
closed in front, and provision being made (by inverting a 
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wooden box over the bath, or by some other contrivance), ao 
that if an explosion should happen it may do no damage. I 
use, myself, in such experiments a copper box with four pieces 
of -wrought-iron gas pipe riveted into it. This is filled with 
paraffin into which a thermometer dips. 

Carius employs the sheet-iron air-bath fignred below ; it 
»Lsg contains four tubes. 



The heat is maintained at 130° to 140°, according to the 
difficulty of effecting oxidation ; in the case of very difficultly 
oxidizable substances it is finally raised to 180°, and continued 
1 to S hours. The tube is then allowed to cool, and the 
point heated cautiously to drive away all the fliiid it contains. 
The extreme point is afterwards heated to redness; the glass 
becomes blown out, and the gases escape. If you are in doubt 
as to whether the oxidation has been completed, seal the point 
again as soon as the gases have escaped, and heat once more. 
If, when the point is opened, no more gases stream out, the 
oxidaticm is finished. Now empty the tube, dilute and deter- 
mine the sulphuric acid by precipitation with chloride of barium 
(p. 161). 

b. Method, which is to be employedtn the cases excluded from a. 

For those bodies whose sulphur cannot be completely con- 
verted into sulphuric acid by nitric acid under the circumstances 
given in a, Cabics employs a process of oxidation, in which 
the object is chiefly attained in the dry way. The substance 
is dissolved in about 20 times its weight of nitric acid of 
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1*2 s.g.^ the fluid is neutralized witli carbonate of sodiim, 
crystallized carbonate of sodium is added to the extent of H 
times the weight of the substance, the solution is evaporated 
to dryness in a silver dish> the residue heated gently to calm 
fusion, dissolved in water, and neutralized with nitric add. 
Finally, add a drop of hydrochloric acid to the highly düate 
hot fluid, to remove any silver that mny have been taken up 
from the dish, filter, and precipitate with chloride of barimn 
(p. 164). The results obtained by this method with ethvl- 
sulphite of ammonium, naphthylsulphite of sodium^ bisulphide 
of cacodyl, &c., were very satisfactory. 



Substance» leaving an ash on incineration, and which mar 
therefore be presumed to contain sulphates, are boiled with hj- 
drochloric acid ; the solution obtained is filtered, and the filtrate 
tested with chloride of barium. If a precipitate of sulphate of 
barium forms, the sulphur contaiued in it is deducted bom 
the quantity found by one of the methods described above; 
the difference gives the quantity of the sulphur which the sab- 
stance contains in organic combination. 

Bstlmatioii of OtalortaM« 

AS CHLOBIDE OF SILVER. 

1. By ignition with alkalies or alkaline earths. 

2. By digestion with nitric acid and nitrate of mha 
(Carius). 

3. By treatment with sodium amalgam. (For readily de- 
composable compounds.) 

1. BT IGNITION WITH ALKALIES 0& ALKALINE BAETHS. 

As chlorine-free lime is easily obtainable (by buniiig 
marble), this body is usually preferred to effect the decompo- 
sition. It must always be tested for chlorine previous to use. 

Introduce into a combustion tube, about 40 cm. long, one 
end of which is sealed, a layer of lime, 6 cm. long, then the 
substance, after this another layer of lime, 6 cm. long, and 
mix with a wire; fill the tube almost to the mouth with 
lime, clear a free passage for the evolved gases by a few gentle 
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taps^ and apply heat in tlie usual way. Volatile fluids are 
introduced into the tube in small glass bulbs. When the 
decomposition is terminated^ insert a cork in the open end of 
the tube^ and immerse the tube still hot^ with the sealed end 
downwards^ into a beaker filled two-thirds with distilled water ; 
the tube breaks into many pieces^ and the contents are then 
more readily acted upon. Dissolve in dilute nitric acid^ and 
precipitate with nitrate of silver. 

As in this method the ignition of compounds abounding in 
nitrogen may be attended with formation of cyanide of cal- 
cium or cyanide of sodium^ the separation of the chloride and 
cyanide of silver, if required, is to be effected by the process 
given 170, p. 238. 

In the analysis of acid compounds, the chlorine may often be 
determined in a simpler manner, viz., by dissolving the substance 
in an excess of potash, evaporating to dryness, and igniting the 
oresidue, by which means the whole of the chlorine present is 
converted into a soluble chloride. 

2. BT DIGESTION WITH NITAIC ACID AND NITRATE OF SILVER. 

Proceed as directed, p. 329, 6, ö, putting some nitrate of 
silver in the digestion tube before sealing. The whole of the 
chlorine of the organic substance is separated as chloride of 
silver. The decomposition of organic substances takes place 
with extraordinary ease in the presence of nitrate of silver — 
with most bodies, partially at least, even in cold. In the case 
of aromatic compounds the full separation of the chlorine is 
more difficult ; with such bodies it is advisable to make an 
addition of bichromate of potassium. The oxidation then 
takes place readily and completely at the sole expense of the 
chromic acid. The Chromate of silver, which is separated at 
the same time, is removed with ease, by diluting the acid fluid 
considerably and heating before filtering off . the chloride of 
silver. The precipitate of chloride of silver is weighed in all 
cases with the broken bulb, the weight of the latter being sub- 
sequently deducted. Carius recommends, before filtering off, 
to neutralize the greater portion of the free nitric acid with 
carbonate of sodium. 

3. BY TREATMENT WITH SODIUM AMALOAM. 

Keep the substance in contact during several hours with 
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water and sodium amalgam^ acidify the fluid with nitric adi 
and precipitate with silver solution. 

BstimAtion of Bromine and Iodine. 

The same processes are employed as for chlorine. In % 
(Diffestian with nitric acid and nitrate of silver) no bromic or 
iodic acids can form, as the nitrous acid simultaneouslT 
generated would reduce them. 

Bsttmation of Phoaplioras« 

MuLJDER recommends the following method : — DissolTe i 
weighed portion of the substance by boiling with hjdrocUone 
acid ; filter, if necessary, and determine the phosphoric add 
which the fluid may contain. Boil another weighed p^mioL 
of the substance with nitric acid, and treat the fluid in tk 
same way as the hydrochloric acid solution. If you find in 
both cases the same percentage of phosphoric acid, the 
substance contains the phosphorus only in the form of ptm- 
phone acid ; but if you obtain a larger proportion of acid k 
the second experiment than in the first, the düBTerence indicate 
the quantity of phosphoric acid formed from phospborm 
present in the unoxidized state. 

The phosphorus cannot be determined by incineration of the 
substance and examination of the ash. Yitellin, which, wheL 
treated with nitric acid, gives 3 per cent, of phosphoric add, 
yields barely '3 per cent, of ash (Baumhaueb). 

The methods described in pp. 326 et seq., 1, 2, 4, 5, may abo 
be employed to determine the total quantity of phosphorus in 
organic substances. 

Carius efiects the oxidation by the method, p. 329, 6,a, or — ^if 
necessary — p. 331, b, neutralizes the acid solution with ammonia, 
adds chloride of ammonium, and then precipitates the pho^ 
phoric acid at once as phobphate of magnesium and ammoniam. 
If the substance contains sulphur as well as phosphorus, 
precipitate the sulphuric acid first with chloride of barium, 
then remove the excess of barium by sulphuric acid, concen- 
trate by evaporation, and finally determine the phosphoric 
acid. 
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Determination of Vapor Benaltles. 

The processes of Dubias and Gay-Lussac will be described. 
In the former we find the weight of a given volume of the 
vapor; in the latter the volume of a given weight. The 
calculations may be much simplified by the use of J. T. Brownes 
Tables^ see Journal of the Chemical Society (2), IV. 72. 



The following are the outlines of this method : — ^A light 
glass globe, filled with dry air, and the exact capacity of which 
is afterwards ascertained, is accurately weighed ; the weight of 
the air in the globe is calculated at the temperature and 
atmospheric pressure observed duriog the process of weighing, 
and the result subtracted from the first weight ; the difierence 
expresses the weight of the exhausted vessel. A more than 
sufficient quantity of the substance is then introduced into the 
globe, and exposed to a uniform temperature sufficiently above 
its boiling point until it is completely converted into vapor, 
and the excess expelled, together with the atmospheric air 
originally contained in the globe ; the vessel is then sealed and 
weighed. The difference between the weight found and that 
of the exhausted globe, expresses the weight of a given volume 
of the vapor. The state of the barometer and thermometer 
must be noted both during the first weighing and at the time 
of sealing the glass globe. 

AFFASATÜS AND OTHER REQUISITES. 

1. The substance, — ^About 8 grm. is required. The boiling 
point must be pretty accurately known. 

2. A light glass globe with drawn-out neck. — An ordinary 
globe of pure glass is selected, free from flaws, and holding 
from 250 to 500 c.c. ; it is carefully rinsed with water, and 
then thoroughly dried. After this, it is completely exhausted, 
dry air readmitted into it, and the same operation repeated. 
The neck of the globe is then softened near 

the bulb, and drawn out as represented in fig. 47. ^i<*- 47. 

The extreme point is cut off*, and the edges 
slightly rounded over the spirit-lamp. (This point 
having to be sealed air-tight with the greatest 
despatch at a subsequent stage of the process, it 
is advisable to ascertain, in the first place, whether 
the glass of the globe is readily fusible or not ; 
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this may be done by trying to seal tbe point on the onginal 
neck of the balloon ; should this present any diflUculty; tk 
globe is unfit for the intended purpose). . 

3. A small iron or copper vessel for the reception of the fluid 
in which the globe is to be heated. The fluid which is to 
serve as bath must admit of being heated to at least 304(f 
beyond the boiling point of the substance. Oil will answer 
the purpose in nearly all cases where a temperature hi^r 
than boiling water is required ; however, a chloride of caldnm 
bath — if its temperature, which in a perfectly saturated bätk 
may be raised to 180^, is sufficiently high for the purpose— is 
more convenient than an oil-bath, as the globe may be more 
easily cleaned. 

4. An apparatus to keep the globe in position. — ^This mar be 
readily made with a handle and some iron wire. During the 
operation it is attached to a retort stand. 

5. A quantity of mercury, more than sufficient to fiD dif 
globe. 

6. A graduated tube of about 100 c.c. capacity. 

7. A lamp and blowpipe. 

8. A barometer. 

9. A thermometer capable of indicating the highest degree 
of heat the case under examination may require. 

THE PBOCBSS* 

Weigh the globe, placing the thermometer inside the case 
of the balance. Leave the globe for ten minutes on the scale} 
to ascertain whether its weight remains constant. If so, tk 
weight is noted, together with the height of the barometer, and 
the temperature indicated by the thermometer inside the case. 

Heat the globe gently, and dip the point deep into about 
8 grm. of the substance, which, if solid, must have been Uq1l^ 
fied by the application of a gentle heat. (If the substance 
under examination has a high fusing point, the neck and point 
of the globe likewise require heating, to guard against the 
fluid solidifying too soon.) When the globe has cooled— 
which, in the case of very volatile substances, is to be acoel^ 
rated by dropping ether upon it — ^the fluid enters and speadi 
in it. Do not introduce more than 5-7 grm. 

Heat the contents of the vessel 3 to 40^ or 50^, and immerse 
the globe by means of the apparatus 4, and also a dienno- 
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meter^ in the bath. Kaise the temperature of the bath to 
between 30 and 4sO° above the boiling point of the substance.* 
As soon as the temperature in the globe is somewhat higher 
than the boiling point of the substance^ the vapor of the latter 
rushes out through the orifice of the neck ; the force of the 
current increases at first with the temperature of the bath^ 
but diminishes afterwards by degrees, and finally (after about 
15 minutes) ceases altogether. Should any of the vapor have 
condensed into drops in the point of the neck projecting out 
of the bath, these may be at once reconverted into vapor, by 
a lamp. The moment that a perfect equilibrium is fully esta- 
blished at the desired temperature, seal the point of the globe, 
and note immediately after the height of the thermometer. 
To ascertain whether or not the point is hermetically sealed, 
you need simply direct a current of air through the blowpipe 
upon the projecting point of the neck ; if the tube is closed 
hermetically, a small portion of the vapor condenses, forming 
a column of fluid, which is retained in the end of the tube by 
capillary attraction ; this is not observed if the tube is not her- 
metically sealed. The height of the barometer also is noted 
again, if it has changed since the first observation. 

Remove the sealed globe from the bath, allow to cool, 
wash most carefully, wipe perfectly dry, and weigh again in 
the same manner as before. 

Immerse the pointed end of the globe in its entire length 
in mercury, scratch a mark with a file near the end, and break 
off the point ; whereupon the mercury will immediately rush 
into the globe, a vacuum having been created in it by the con- 
densation of the vapor. (In this operation, place the glass 
globe in the hollow of your hand, and rest the latter upon 
the edge of the mercurial trough.) If the globe, at the mo- 
ment of sealing, was perfectly free from air, it will fill com- 
pletely with mercury ; otherwise an air-bubble will remain in 
it. In either case transfer the mercury from the globe to the 
graduated tube (6) and measure accurately; if there was 
air in the globe at the moment of sealing it, fill it now 
with water, and measure also the volume of the latter liquid : 
the difference between the volume of the mercury and that of 

* If a chloride of calcium or oil- bath is used, yon must endeavonr to 
maintain a uniform temperature towards the end of the process, which 
may be easily effected by properly regulating the heat. 

z 
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the water shows the Tolnme of the air which hsd remuned in 
the globe. 



The original process has been judiciously modified by H. 
Schiff. The apparatus is excessively simple, but can only be 
employed for temperatures under 200°, — it is especially suited 
for temperatures under 100°. 

The cylinder a (fig. 48), which is destined to measure tfce 
volume of the vapor, is 30 
or 35 cm. high and about 3 
cm. wide ; it is provided with 
a millimetre scale, extending 
to the open end ; a table 
which must previously be 
drawn up, shows the r.c. 
corresponding to the ma^. 
The outer cylinder & is about 
40 cm. high, and broad in 
proportion. The height of 
the latter in the inside mtet 
be accurately known in mm. 
The handle c, which is fiUol 
with leadjembraces the closed 
end of the measuriog tube 
by means of four sprii^. 
The weight of this handle 
must suffice to depress the 
tube when filled with vapor, 
and must therefore be aboot 
130 grm., if the above dimeo- 
aioM are strictly adhered to. 
, The handle bears a lateral 
hook, on which the thermo- 
meter is hung. 
A layer of mercury, about 15 nun. high, is first put 
' into the outer cylinder b. The measuring cylinder 
is perfectly filled with mercury, and inverted in s 
shallow mercurial trough. A weighed quantity of the 
fluid to be vaporized in a bulb of thin glasa (fig. 48) 
is now placed underneath the opening of Üie measuring 
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cyliuder^ and allowed to ascend; the cylinder a is then 
transported to b, with the aid of a long-handled iron spoon, 
of the shape of a deflagrating spoon. 

The bursting of the bulb and the formation of vapor are 
next brought about by filling the outer cylinder b cautiously 
and up to the top with a hot fluid. According to the boiling 
point of the substance we use for this purpose either boiling 
water, or some saline solution, preferably dilute glycerine or a 
solution of chloride of calcium in dilute glycerine. The spe- 
cific gravity of the hot fluid must be determined. The outer 
cylinder stands on a strong low tripod in a small glass trough ; 
the latter serves to receive the fluid, which is ejected by the 
vapor as it forms ; it is, moreover, filled nearly up to the level 
of the mercury in the outer cylinder with the hot fluid, in 
order that the mercury may be raised to the same temperature. 
After a few minutes the rate of cooling will have become so 
much slower that the volume of the vapor may be considered 
stationary. Finally, the pressure and temperature are noted, 
also the height of the mercury in the measuring tube, and in 
the outer cylinder (the latter being read off on the scale of the 
measuring tube). 
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TABLES. 

Percentages of oxide of potassium corresponding to different 

specific gravities of solution of potash. 



Daiion, 


Tütmerfnann {tU IS'). 


Specific 


K,0. 


Specific 


K 


Specific 


K,0. 


grayity. 


gravity. 




gravity. 


1-60 


46-7 


1-8800 


28-290 


1-1487 


14 145 


1-62 


42-9 


1-8131 


27-158 


1-1308 


18-018 


1-47 


89-6 


1-2966 


26-027 


1-1182 


11-882 


1-44 


86-8 


1-2803 


24-895 


1-1059 


10-750 


1-42 


84*4 


1-2648 


23-764 


1 -0938 


9-619 


1-89 


82-4 


1-2493 


22-682 


1-0819 


8-487 


1-36 


29-4 


1-2842 


21 -500 


1-0708 


7-855 


1-38 


26-8 


1-2268 


20*935 


1-0589 


6-224 


1-28 


23-4 


1-2122 


19-808 


1-0478 


5-002 


1-23 


19-5 


1-1979 


18-671 


1 -0369 


8-961 


M9 


16-2 


1-1889 


17-540 


1-0260 


2-829 


1-16 


18-0 


1-1702 


16-408 


1-0158 


1-697 


1-11 


»•6 


1-1568 


15-277 


1-0050 


•566 


1-06 


4-7 











Percentages of oxide of sodium corresponding to different 

specific gravities of solution of soda. 



DaUon. 




i 


Tännerfiumn (at 15^^ 


>. 




Specific 
gravity. 


Na,0. 


Specific 
gravity. 


Na,0. 


Specific 
gravity. 


Ka,0. 


Specifio 
gravity. 


Na,0. 


1-56 


41-2 


1-4285 


80-220 


1 -2982 


20-550 


1-1528 


10-275 


1-50 


36-8 


1-4193 


29-616 


1-2912 


19-945 


1-1428 


9-670 


1-47 


84-0 


1-4101 


29-011 


1-2848 


19-341 


1-1330 


9066 


1-44 


810 


1-4011 


28-407 


1-2775 


18-730 


1-1233 


8-462 


1-40 


29-0 


1 -3928 


27-802 


1 -2708 


18-182 


1-1137 


7-857 


1-86 


26-0 


1-8836 


27-200 


1-2642 


17-528 


1-1042 


7-263 


1-82 


23-0 


1-37Ö1 


26-594 


1-2678 


16-928 


1-0948 


6-648 


1-29 


190 


1-3668 


25-989 


1-2515 


16-319 


1-0855 


6-044 


1-28 


16-0 


1-8586 


25-385 


1-2453 


15-714 


1 -0764 


5-440 


1-18 


18-0 


1-3505 


24-780 


1-2892 


15-110 


1-0675 


4-835 


1-12 


90 


1-3426 


24-176 


1 2280 


14-506 


1-0687 


4-281 


1-06 


4-7 


1-8849 


28-572 


1-2178 


13-901 


1-0500 


3-626 






1-8278 


22-967 


1-2058 


13-297 


1-0414 


8 022 






1-3198 


22-363 


1-1948 


12-692 


1-0380 


2-418 






1-3148 


21-894 


1-1841 


12-088 


1-0246 


1-818 






1-3125 


21-758 


11784 


11-484 


1-0163 


1-209 






1-8058 


21-154 


1-1630 


10-879 


1-0081 


•604 
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Percentages of ammonia corresponding to d&ffereni specific gra- 
vities of solution of ammonia. Temperature 16*'. (J. Otto.) 



Specific 


NH. 


Specific 


NH 


Specific 


KH^ 


gravity. 


*' AA|> 


gravity. 




graTity. 




•9517 


12-000 


•9607 


9-626 


•9697 


7:250 


•9521 


11 -875 


•9612 


9-600 


•9702 


7-1 -25 


•9526 


11-750 


-9616 


9-375 


•9707 


7 000 


•9531 


11-625 


-9621 


9-250 


•9711 


6-875 


•9536 


11-500 


•9626 


9-125 


-9716 


6-750 


•9540 


11-375 


•9631 


9-000 


-9721 


6-62» 


•9545 


11-250 


•9636 


8-875 


-9726 


6-500 


•9550 


11 125 


•9641 


8-760 


•9730 


6-875 


•9555 


11000 


•9645 


8-625 


•9785 


6-260 


•9556 


10 -950 


•9650 


8-500 


•9740 


6125 


•9559 


10-875 


-9654 


8-876 


•9745 


6000 


•9564 


10-750 


-9659 


8-250 


•9749 


5-875 


•9569 


10-625 


•9664 


8-125 


•9754 


6-750 


•9574 


10-500 


-9669 


8-000 


•9759 


6-625 


•9578 


10 •376 


•9673 


7-875 


•9764 


6-500 


•9588 


10-250 


-9678 


7-750 


•9768 


5375 


•9588 


10125 


•9683 


7-626 


•9778 


5*250 


•9593 


10-000 


•9688 


7-500 


-9778 


6125 


•9597 


9-875 


•9692 


7-375 


•9783 


6-000 


•9602 


9-760 











Percentages of acetic acid corresponding to different specific 
gravities of solution of acetic acid. (Mohb.) 



specific 


• 

o 


Specific 


• 
M 

o 


Specific 




Specific 


• 

o" 


Specific 




gravity. 


W- 


gravity. 


w. 


gravity. 


•• 


gravity. 


»• 


gravity. 


s 

•* 




Ö 




o 




o 




o 




o 


10685 


100 


1-0736 


80 


1-067 


60 


1051 


40 


1027 


20 


1 -0655 


99 


1-0735 


79 


1-066 


59 


1-050 


89 


1028 


1» 


1-06/0 


98 


1-0732 


78 


1-066 


58 


1-049 


38 


1025 


IS 


1-0680 


97 


1-0732 


77 


1-065 


57 


1-048 


37 


1 024 


17 


1-0690 


96 


1-0730 


76 


1-064 


56 


1-047 


36 


1023 


16 


1-0700 


96 


1-0720 


75 


1-064 


^5 


1046 


85 


1022 


15 


1 -0706 


94 


1-0720 


74 


1063 


54 


1-045 


34 


1-020 


14 


1-0708 


93 


1-0720 


73 


1063 


53 


1-044 


33 


1-018 


13 


1-0716 


92 


1-0710 


72 


1062 


52 


1-042 


32 


1017 


12 


1-0721 


91 


1-0710 


71 


1-061 


61 


1-041 


31 


1016 


11 


1-0730 


90 


1-0700 


70 


1060 


50 


1040 


30 


1-015 


10 


1-0730 


89 


1-0700 


69 


1-059 


49 


1-039 


29 


1-013 


9 


10730 


88 


1-0700 


68 


1-058 


48 


1-038 


28 


1-012 


8 


1-0730 


87 


1-0690 


67 


1-056 


47 


1-036 


27 


1-010 


7 


10730 


86 


1 -0690 


66 


1-055 


46 


1035 


26 


1-008 


6 


1-0730 


85 


1-0680 


66 


1-055 


45 


1-034 


26 


1007 


5 


1 -0730 


84 


1-0680 


64 


1054 


44 


1-033 


24 


1-005 


4 


1-0730 


83 


1-0680 


63 


1-063 


43 


1-032 


23 


1004 


S 


1 0730 


82 


1-0670 


62 


1-052 


42 


1031 


22 


1002 


o 


1 0732 


81 


1-0670 


61 


1-051 


41 


1-029 


21 


1-001 


I 
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T^ercentages of hyirated and anhydrous sulphuric add correspond^ 
ing to different specific gravities of solution of sulphuric 
acid (BiNEAu), calculated for 15° by Otto. 



Specific 
gravity. 


HjSO^. 


SO,. 


Specific 
gravity. 


HjSO^. 


SO,. 


1-8426 


100 


81-63 


1-398 


60 


40-81 


1-842 


99 


80-81 


1-3886 


49 


4000 


1-8406 


98 


80-00 


1-379 


48 


89-18 


1-840 


97 


79-18 


1-370 


47 


88-36 


1-8384 


96 


78-36 


1-361 


46 


87-55 


1-8376 


95 


77-56 


1-351 


46 


86-78 


1-8356 


94 


76-73 


1-342 


44 


85-82 


1-884 


93 


76-91 


1-338 


43 


86-10 


1-831 


92 


7610 


1-324 


42 


84-28 


1-827 


91 


74-28 


1-315 


41 


88-47 


1-822 


90 


73-47 


1-306 


40 


32-65 


1-816 


89 


72-66 


1-2976 


39 


81-83 


1-809 


88 


71-83 


1-289 


88 


31-02 


1-802 


87 


71-02 


1-281 


87 


30-20 


1-794 


86 


70-10 


1-272 


86 


29-38 


1-786 


85 


69-38 


1-264 


86 


28-57 


1-777 


84 


68-57 


1-266 


34 


27-75 


1-767 


83 


67-75 


1-2476 


33 


26-94 


1 1-756 


82 


66-94 


1-289 


32 


26-12 


1-746 


81 


66-12 


1-281 


81 


25-30 


1-734 


80 


65-30 


1-223 


80 


24-49 


1-722 


79 


64-48 


1-216 


29 


28-67 


1-710 


78 


68-67 


1-2066 


28 


22-86 


1-698 


77 


62-85 


1-198 


27 


22-03 


1-686 


76 


62-04 


1-190 


26 


21-22 


1-675 


76 


61-22 


1-182 


25 


20-40 


1-663 


74 


60-40 


1-174 


24 


19-58 


1-661 


78 


69-59 


1-167 


23 


18-77 


1-639 


72 


68-77 


1-159 


22 


17-95 


1-627 


71 


67-95 


1-1516 


21 


17-14 


1-615 


70 


67-14 


1144 


20 


16-32 


1-604 


69 


56-32 


1-136 


19 


15-61 


1-592 


68 


65-59 


1-129 


18 


14-69 


1-680 


67 


64-69 


1-121 


17 


13-87 


1-568 


66 


63-87 


1-1136 


16 


18-06 


1-557 


66 


63 05 


1-106 


16 


12-24 


1-546 


64 


62-24 


1-098 


14 


11-42 


1-534 


68 


51-42 


1-091 


13 


10-61 


1-523 


62 


60-61 


1-088 


12 


9-79 


1-612 


61 


49-79 


1-0756 


11 


8-98 


1-501 


60 


48-98 


1-068 


10 


8-16 


1-490 


59 


48-16 


1061 


9 


7-84 


1-480 


58 


47-34 


1-0686 


8 


6-68 


1-469 


57 


46-63 


1-0464 


7 


6-71 


1-4Ö88 


56 


45-71 


1-039 


6 


4-89 


1-448 


55 


44-89 


1-032 


6 


4-08 


1-438 


54 


44-07 


1-0256 


4 


8-26 


1-428 


53 


43-26 


1-019 


8 


2-445 


1-418 


52 


42-46 


1-013 


2 


1-68 


1-408 


61 


41-68 


1-0064 


1 


•816 
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Percentoffes of anhydrous hydrochloric add eonresp(m£n§ fi 
different spec^ gravities of solution of kydrockhrie aai 
Temperature 15°. (Urb.) 



Sperifie 

# a 


HCl. 


Spedfio 


HCl 


grayity. 


^i^ ^^*« 


gOLYitj. 


^t^ ^tf «■ 


1-2000 


40-777 


11000 


20-388 


11982 


40-869 


1 0980 


19-980 


1-1964 


89-961 


1 0960 


19-572 


11946 


89-554 


1 -0989 


19-165 


11928 


39-146 


10919 


18-757 


11910 


38-738 


1-0899 


18-349 


1-1893 


88-330 


10879 


17-941 


1-1875 


87-928 


1 -0859 


17-534 


1-1857 


87-516 


1-0838 


17-126 


11846 


87-108 


I -0818 


16-718 


1-1822 


86-700 


1 -0798 


16-810 


1-1802 


36-292 


1 -0778 


15-902 


1-1782 


35-884 


10768 


15-494 


11762 


85-476 


1 0788 


15-087 


11741 


35-068 


10718 


14-679 


11721 


84-660 


10697 


14-271 


1-1701 


34-252 


1 0677 


13-863 


1-1681 


83-845 


1-0657 


13-456 


1-1661 


83-437 


1 0637 


13-049 


1-1641 


83-029 


1-0617 


12-641 


11620 


82-621 


1 -0597 


12-233 


1-1599 


32-213 


1-0677 


11-825 


1-1578 


81 -805 


10667 


11-418 


11557 


81-398 


1-0537 


11-010 


1-1587 


80-990 


1-0517 


10-602 


1-1516 


30-582 


1-0497 


10-194 


1*1494 


80-174 


1-0477 


9-786 


11473 


29-767 


1-0457 


9-379 


1-1452 


29-359 


1-0487 


8-971 


1-1431 


28-951 


1-0417 


8-663 


1-1410 


28-544 


1-0397 


8 155 


1-1389 


28136 


1-0377 


7-747 


1-1369 


27-728 


1-0357 


7-840 


11349 


27-821 


10837 


6-932 


1-1828 


26-913 


1-0318 


6-524 


1-1808 


26-505 


1-0298 


6116 


1-1287 


26-098 


1-0279 


6-709 


1-1267 


25-690 


1-0259 


6-301 


11247 


25-282 


1-0239 


4-898 


1-1226 


24-874 


1-0220 


4-486 


1-1206 


24-466 


1-0200 


4-078 


1-1185 


24-058 


1-0180 


8-670 


1-1164 


23-650 


1-0160 


3-262 


1-1148 


23-242 


1-0140 


2-864 


11123 


22-834 


1-0120 


2-447 


1-1102 . 


22-426 


1-0100 


2-039 


1-1082 


22-019 


1-0080 


1-631 


1-1061 


21-611 


1-0060 


1-124 


1-1041 


21-203 


1-0040 


•816 


1-1020 


20-796 


1-0020 


-408 
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Mages of anhydrous phosphoric add corresponding to 
different specific gravities of solution of phosphoric add. 
Temperature 15®. (J. Watts.) 



Specific 


P.O 


Specific 


JPO 


Specific 


P . 


gravity. 


t 


gravity. 


XfV/^. 


gravity. 


*t^»* 


1-508 


49-60 


1-828 


86-15 


1-144 


17-89 


1-492 


48-41 


1-815 


84-82 


1-186 


16-95 • 


1-476 


47-10 


1-802 


88-49 


1-124 


15-64 


1-464 


45-63 


1-293 


82-71 


1-118 


14-88 


1-45S 


45-88 


1-285 


81-94 


1-109 


18-25 


1-442 


44-18 


1-276 


81-03 


1-095 


12-18 


1-434 


48-95 


1-268 


80-13 


1-081 


10-44 


1-426 


48-28 


1-267 


29 16 


1-073 


9-58 


1-418 


42-61 


1-247 


28-24 


1066 


8-62 


1-401 


41-60 


1-286 


27-80 


1-056 


7-89 


1-892 


40-86 


1-226 


26-86 


1-047 


6-17 


1-384 


40-12 


1-211 


24-79 


1-081 


4-15 


1-876 


89-66 


1-197 


28-23 


1022 


8-08 


1-869 


89-21 


1-185 


2207 


1-014 


1-91 


1856 


88-00 


1-173 


20-91 


1006 


•79 


1-847 


87-87 


1-162 


19-78 






1-889 


86-74 


1-168 


18-81 







Percentages of anhydrow nitric add corresponding to different 
spedfic gravities of solution of nitric add. Temperature 
15°. (Urb.) ' 



Specific 


N 


Specific 


N-0 


Specific 


NO 


Specific 


N.O.* 


gravity. 


«,V/f. 


gravity. 


i.i,vrj. 


gravity. 


*^t^b' 


gravity. 


•"9^* 


1-600 


79-7 


1-419 


69-8 


1*295 


89-8 


1-140 


19*9 


1-498 


78-9 


1-415 


59-0 


1*289 


89-0 


1-184 


19*1 


1-496 


78 1 


1-411 


68-2 


1-283 


38-8 


1129 


18*8 


1-494 


77-3 


1-406 


67-4 


1-276 


87*6 


1-128 


17*5 


1-491 


76-5 


1-402 


66-6 


1-270 


86*7 


1*117 


16*7 


1-488 


76-7 


1-898 


66-8 


1-264 


86*9 


1*111 


16*9 


1-486 


74-9 


1-394 


56-0 


1-268 


86-1 


1*105 


161 


1-482 


74-1 


1-888 


54-2 


1-252 


84-8 


1*099 


14-3 


1-479 


78-8 


1-888 


58-4 


1-246 


88-5 


1-098 


18-5 


1-476 


72-6 


1-878 


62-6 


1-240 


82*7 


1-088 


12-7 


1-478 


71-7 


1-873 


51-8 


1*284 


81-9 


1-082 


11-9 


1-470 


70-9 


1-868 


51-1 


1-228 


81-1 


1-076 


11-2 


1-467 


70-1 


1-363 


60-2 


1-221 


80-8 


1-071 


10-4 


1-464 


69-3 


1-858 


49-4 


1-216 


29-5 


1-065 


9-6 


1-460 


68-5 


1-863 


48-6 


1-208 


28-7 


1-069 


8-8 


1-457 


67-7 


1-848 


47-9 


1-202 


27-9 


1-064 


8 


1-458 


66-9 


1-348 


47-0 


1-196 


27 1 


1-048 


7*2 


1-460 


661 


1-838 


46-2 


1-189 


26-8 


1-048 


6*4 


1-446 


65-3 


1-832 


46-4 


1-183 


25-5 


1-037 


^'^ 


1-442 


64-5 


1-327 


44-6 


1-177 


24-7 


1-082 


4*8 


1-489 


68-8 


1-822 


48-8 


1-171 


28-9 


1-027 


4-0 


1-485 


68-0 


1-316 


48-0 


1*166 


231 


1-021 


8*2 


1-481 


62-2 


1-811 


42-2 


1*169 


22-3 


1016 


2*4 


1-427 


61*4 


1-806 


41-4 


1*158 


21*5 


1*011 


1*6 


1-428 


60-6 


1-300 

* 


40-4 


1*146 


20-7 


1-005 


•8 
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Percentages of crystallized tartaric add corresponding to AffertK, 
specific gravities of solution of tartaric acid. (Osaxx.) 

Specific gravity. CtjkL. ae^ 

1-274 51-42 

1-208. 4000 

1174 84-24 

1155 80-r« 

1122 2500 

1109 22-27 

1068 14-28 

1-023 5-00 

1-008 1-6S 



Percentages of alcohol corresponding to different specific grariiici 
of spirit. Temperature 15®*5. (Fownbs.) 



Specific 


Alcohol. 


Specific 


Alcohol. 


Specific 

a a 


1 

1 

Almhol 


gravity. 
-9991 




gravity. 




gravity. 




•5 


•9511 


84 1 


•8769 


68 




■9981 


1 


•9490 


85 


•8745 


69 




-9965 


2 


-9470 


86 


•8721 


70 




■9947 


3 


•9452 


87 


18696 


71 




-9980 


4 


-9484 


88 


•8672 


72 




-9914 


5 


•9416 


89 


•8649 


78 




-9898 


6 


•9396 


40 


-8625 


74 




•9884 


7 


•9876 


41 


-8608 


75 




-9869 


8 


•9856 


42 


-8581 


76 




-9855 


9 


•9335 


48 


-8557 


77 




-9841 


10 


•9314 


44 


-8533 


78 




•9828 


11 


•9292 


45 


•8508 


79 




'9815 


12 


•9270 


46 


•8488 


80 




-9802 


13 


•9249 


47 


-8459 


81 




•9789 


14 


•9228 


48 


-8434 


82 




•9778 


15 


•9206 


49 


•8408 


88 




■9766 


16 


•9184 


50 


•8382 


84 




9753 


17 


•9160 


51 


•8857 


85 




9741 


18 


•9185 


52 


•8381 


86 




9728 


19 


•9113 


53 


-8805 


87 




9716 


20 


•9090 


54 


•8279 


88 




9704 


21 


•9069 


55 


•8254 


89 




9691 


22 


•9047 


56 


-8228 


90 




9678 


23 


•9025 


57 


-8199 


91 




9665 


24 


•9001 


58 


-8172 


92 




9652 


25 


•8979 


59 


-8145 


98 




9638 


26 


•8956 


60 


•8118 


94 




9623 


27 


-8932 


61 


-8089 


95 




9609 


28 


-8908 


62 


-8061 


96 




9593 


29 


-8886 


68 


-8081 


97 




9678 


80 


-8863 


64 


-8001 


98 




9560 


81 


-8840 


65 


•7969 


99 




9544 


82 


-8816 


66 


•7988 


100 


•9528 


88 


•8793 


67 
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^ceniages of alcohol corresponding to different specific gravities 
of spirit. Temperature l5°-5. (Drinkwater.) 



•jüc 


Alcohol. 


Specific 


Alcohol. 


Specific 


Alcohol. 


Specific 


AlcohoL 


Specific 


Alcohol. 


ity. 




gravity. 




gravity. 




gravity. 




gravity. 




)00 


•00 


■9967 


1^78 


•9984 


8'67 


•9901 


5-70 


• 
'9869 


7^86 


>99 


•05 


•9966 


1-83 


•9933 


3-73 


•9900 


5^77 


•9868 


7 '92 


>98 


•11 


•9966 


1-89 


•9932 


878 


•9899 


5 83 


•9867 


7 '99 


}97 


•16 


•9964 


1-94 


•9931 


884 


•9898 


5 89 


•9866 


8 06 


}96 


•21 


•9968 


1-99 


•9930 


3^90 


•9897 


696 


•9866 


8'13 


»95 


•26 


•9962 


2 06 


'9929 


8-96 


•9896 


6 02 


•9864 


8 '20 


994 


•32 


•9961 


211 


•9928 


4-02 


•9896 


6^09 


•9863 


8 '27 


993 


•87 


•9960 


2-17 


•9927 


4^08 


•9894 


6^16 


•9862 


8-34 


992 


•42 


'9969 


222 


•9926 


4^14 


.•9898 


6 22 


•9861 


8^41 


991 


•47 


•9968 


2 28 


•9926 


4-20 


•9892 


6-29 


•9860 


8^48 


990 


•58 


•9967 


234 


•9924 


4^27 


•9891 


Q'Z6 


•9869 


^'66 


989 


•68 


•9966 


2-39 


•9923 


4*33 


•9890 


6 42 


•9858 


8-62 


988 


•64 


•9965 


2-46 


•9922 


4-39 


•9889 


6^49 


•9867 


8^70 


987 


•69 


'9964 


261 


•9921 


446 


•9888 


^'55 


•9866 


8^77 


986 


•74 


•9963 


2-67 


•9920 


461 


•9887 


6 62 


•9865 


8^84 


985 


•80 


•9962 


262 


•9919 


4 67 


•9886 


6^69 


•9864 


8-91 


984 


•86 


•9961 


2^68 


•9918 


4-64 


•9886 


6 76 


•9863 


8^98 


983 


•91 


•9960 


274 


•9917 


4-70 


•9884 


6^82 


•9862 


9 06 


'P82 


•96 


•9949 


2^79 


•9916 


4-76 


•9888 


6^89 


•9861 


912 


'981 


r02 


•9948 


2-85 


•9916 


4^82 


•9882 


6^96 


•9850 


9-20 


1980 


107 


•9947 


2-91 


•9914 


4-88 


•9881 


7^02 


•9849 


9-27 


1979 


ri2 


•9946 


2-97 


•9913 


4 94 


•9880 


7 09 


•9848 


9-34 


'978 


1-18 


•9946 


3^02 


•9912 


6^01 


•9879 


716 


•9847 


9^41 


1977 


128 


•9944 


808 


•9911 


6^07 


•9878 


7-23 


•9846 


9-49 


>976 


1-29 


•9948 


814 


•9910 


513 


•9877 


7^30 


•9846 


9-66 


»975 


r84 


•9942 


8-20 


•9909 


5^20 


•9876 


7 87 


•9844 


9-63 


»974 


1-40 


•9941 


8 26 


•9908 


6^26 


•9875 


7 48 


•9848 


9-70 


>973 


1-45 


•9940 


8-32 


•9907 


5 -32 


•9874 


7 60 


•9842 


9-78 


)972 


161 


•9939 


8 37 


•9906 


5-89 


•9873 


7^67 


•9841 


9^85 


)971 


l'6ß 


•99S8 


8'48 


•9906 


6-46 


•9872 


7-64 


•9840 


9-92 


)970 


1-61 


•9987 


8 '49 


•9904 


6^61 


•9871 


7-71 


•9839 


9^99 


)969 


167 


•9986 


8-65 


•9903 


6^58 


•9870 


7-78 


•9838 


10 07 


)968 


178 


•9936 


3'61 


•9902 


664 
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TABLSS. 



centages of tanmc acid corresponding to Afferrtd 9ft 
gravities of solution of tannic acid. Temperature 15^. 



Spedfic 


Ta.nnin 


Spedfic 


*PKnniii. 


Spedfie 


1 


pvntj. 


1 


Srayity. 




gnTitj> 




roooo 


-0 


10068 


1-7 


1 

10186 


3-4 


10004 


•1 


10072 


1-8 


10140 


s-s 


10008 


•2 


1-0076 


1-9 


10144 


»^ 


1-0012 


-8 


1-0080 


20 


10148 


8-7 


10016 


•4 


1-0084 


21 


10152 


8-8 


1-0020 


•6 


1-0088 


2-2 


1015« 


8-9 


1-0024 


-6 


10092 


2-8 


10160 


4-0 


1-0028 


-7 


10096 


2-4 


1-0164 


4 1 


1-0082 


-8 


1-0100 


2-5 


10168 


4-2 


10036 


•9 


.1-0104 


2-6 


10172 


4-3 


10040 


1-0 


1-0108 


2-7 


1017« 


4-4 1 


1-0044 


11 


1-0112 


2-8 


10180 


4-5 


1 -0048 


1-2 


1-0116 


2-9 


10184 


4-« 1 


1-0052 


1-8 


1-0120 


3-0 


10188 


*-7 


1 -0056 


1-4 


1-0124 


8 1 


1-0192 


4-8 • 


1-0060 


1-5 


10128 


8-2 


10196 


4*9 


1-0064 


1-6 


1-0132 


3-3 


10201 

1 


5 



Chlorimetrical Table (Pattinson), 

Showing the relations between English and Frencli degree 

(See p. 241.) 



Frenoh 


Bnglish 


French 


Bnglish 


Freneh 


BoeMi 


Degrees. 


Degrees. 


Degrees. 


Degrees. 


D^rees. 
107 


u^grees. 


68 


20*02 


85 


27-01 


MOO 


64 


20-34 


86 


27-83 


108 


»4-82 


65 


20-65 


87 


27-65 


109 


84-64 


66 


20-97 


88 


27-96 


110 


84-95 


67 


21-29 


89 


28-28 


111 


85-27 


68 


21-61 


90 


28-60 


112 


35-59 


69 


21-98 


91 


28-92 


118 


85-91 


70 


22-24 


92 


29-23 


114 


86-22 


71 


22-56 


93 


29-55 


115 


36-54 


72 


22-88 


94 


29-87 


116 


86-86 


78 


23-20 


95 


8019 


117 


8718 


74 


28-51 


96 


80-51 


118 


87-50 


75 


23-83 


97 


80-82 


119 


87-81 


76 


24']5 


98 


81-14 


120 


3818 


77 


. 24-47 


99 


81-46 


121 


88-45 


78 


24-79 


100 


81-78 


122 


88-77 


79 


25-10 


101 


82 09 


128 


89-OS 


80 


25-42 


102 


82-41 


124 


39-40 


81 


25-74 


108 


82-78 


125 


39-72 


82 


26-06 


104 


33-05 


126 


40-04 


88 


26-87 


105 


83-36 


127 


40-36 


84 


26-69 


106 


38-68 


]28 


40-67 
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Alkalimetrical Table (Pattinson). 

Shoeing the carbonate of sodium^ English degrees and Dk- 
CROiziLLEs' degrees, corresponding to different percentages 
of soda. (See p. 238.) 



Na,0. 


Ns^CO, 


English 
Degrees. 


80 


51-29 


80-89 


80-6 


5214 


80-90 


81 


5800 


81-41 


81-5 


58-85 


81-91 


32-0 


54-71 


82-42 


32-5 


55-56 


82-92 


88 


56-42 


88-48 


33 


57-27 


88-94 


840 


68-13 


84-44 


84-6 


58-98 


84-95 


86 


59-84 


85-46 


3Ö-5 


60-69 


85*96 


36 


61-56 


86-47 


36-6 


62-40 


86-98 


37 


63-26 


87-48 


37 5 


64 11 


87-99 


88 


64-97 


88-50 


38-6 


65-82 


89 00 


39 


66-68 • 


89-51 


89-6 


67-58 


40-02 


400 


68-89 


40-52 


40-5 


69-24 


41 03 


41 


70-10 


41-54 


416 


70-95 


42 04 


420 


71-81 


42-55 


42-5 


72-66 


4806 


430 


78-52 


48-57 


43-5 


74-87 


44-07 


44-0 


75-28 


44-58 


44-5 


76 08 


46-08 


46-0 


76-95 


45-59 


45-5 


77-80 


46-10 


460 


78-66 


46-60 


46-5 


79-51 


47 11 


47-0 


80-87 


47-62 


47-5 


81-22 


48-12 


48-0 


82-07 


48-63 


48-5 


82-98 


49-14 


490 


88-78 


49-64 


49-5 


84-64 


50-15 


600 


85-48 


50-66 


50-5 


86-84 


5116 


610 


87-19 


51-67 


61-5 


88-05 


52-18 


52-0 


88-90 


52-68 


62-5 


89-76 


5819 


630 


90-61 


58-70 


63-5 


91-47 


64-20 



Decroizilles^ 
Degrees. 



47-42 
48-21 
49-00 
49-79 
50-58 
51-37 
52-16 
52-95 
58-74 
54-53 
55-32 
56-11 
56-90 
67-69 
68-48 
69-27 
60-06 
60-85 
61-64 
62-48 
68-22 
64-01 
64-81 
65-60 
66-39 
67-18 
67-97 
68-76 
69-55 
70-84 
71-13 
71-92 
72-71 
73-50 
74-29 
75-08 
75-87 
76-66 
77-46 
78-24 
79 08 
79-82 
80*61 
81-40 
82*19 
82-98 
88-77 
84-56 



Na,0. 


Na,CO, 


English 
Degrees. 


54-0 


92-32 


54-71 


54-6 


93-18 


55-22 


55-0 


94*03 


55-72 


55-5 


94-89 


56-28 


56-0 


95-74 


66-74 


56-5 


96-60 


67-24 


57-0 


97*45 


57-75 


57-5 


98*31 


58-26 


58-0 


99*16 


58-76 


58-5 


100-02 


59-27 


59*0 


100-87 


59-77 


59-5 


101-78 


60-28 


60-0 


102-58 


60-79 


60-5 


103-44 


61-80 


61-0 


104-30 


61-80 


61-5 


105-15 


62-31 


62-0 


106 01 


62-82 


62-5 


106-86 


63-82 


68 


107-72 


63-83 


63-5 


108-57 


64-83 


64-0 


109-48 


64-84 


64-5 


110-28 


65-36 


65 


111-14 


65-86 


65-5 


111-99 


66-86 


66-0 


112-85 


66-87 


66-5 


113-70 


67-87 


67-0 


114-56 


67-88 


67-5 


115-41 


68-89 


68 


116-27 


68-89 


68-5 


117*12 


69-40 


69-0 


117-98 


69-91 


69-5 


118-88 


70-41 


70-0 


119-69 


70-92 


70-5 


120-63 


71*48 


71-0 


121-89 


71*93 


71-5 


122-24 


72-44 


72-0 


123-10 


72-95 


72-5 


128-95 


73*46 


73-0 


124-81 


78-96 


78-6 


125-66 


74*47 


74*0 


126-52 


74*97 


74-5 


127-87 


75*48 


75-0 


128-28 


75*99 


75*6 


129*08 


76-49 


76-0 


129*94 


77-00 


76-5 


130-79 


77-51 


77-0 


181-66 


78-01 


.77-5 


182*50 


78*52 



Decroizilles* 



85-86 

86*14 

86*98 

87*72 

88*52 

89*81 

9010 

90*89 

91-68 

92*47 

98*26 

94*06 

94-84 

95-68 

96-42 

97*21 

98*00 

98*79 

99*58 

100*87 

101-16 

101*95 

102-74 

103-53 

104-82 

10511 

105-90 

106-69 

107-48 

108*27 

109*06 

109-86 

110-64 

111*48 

112-28 

118-02 

113-81 

114-60 

115-39 

116*18 

116-97 

117*76 

118*56 

119*34 

120*18 

1-20 92 

121-71 

122*60 
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TABLES. 



Clark's Soap-test Table, expanded iy A. H. Elliott.* 



Degrees 

of 
Hardoeas. 




•1 


•2 


•8 


•4 


-5 


•6 


•7 


1 

-8 ? 

1 





1-4 


1*58 


1-76 


1-94 


2-12 


2-30 


2-48 


1 

2-66 2 84, 3-i 

i 1 


1 


8-2 


8-42 


8-64 


8*86 


4-08 


4-30 


4-52 


4-74 


4-96 51; 


2 


5-4 


6-62 


5-84 


6 06 


6-28 


6-50 


6-72 


6-94 


7-16' W: 

1 


S 


7-6 


7-80 


8 00 


8-20 


8-40 


8-60 


8-80 


9 00 


1 
9-20 9 *•: 


4 


9-6 


9*80 


1000 


10-20 


10-40 


10-60 


10-80 


11 00 


11-20 114. 


5 


11-6 


11-80 


12-00 


12-20 


12-40 


12-60 


12-80 


IS 00 


18» 


13 4- 


6 


18-6 


18-80 


li-00 


14-20 


14-40 


14-60 


14-80 


15 00 


15-20 ' U'i^ 


7 


15-6 


15-79 


15-98 


16-17 


1636 


16-55 


16-74 


16-93 


1712 !i:r. 


8 


17-5 


17-69 


17-88 


18-07 


18-26 


18-45 


18-64 


1S-8S 


19-02 19:: 


9 


19-4 


19-59 


19-78 


19-97 


20-16 


20-85 


20-54 


20-78 


20-92::!:: 


10 


21-3 


21-48 


21-66 


21-84 


22 02 


22-20 


22*38 


1 
22-56 22-71 22?:: 

1 


11 


28 1 


28-28 


28-46 


28-64 


28-82 


24-00 

1 


24-18 


24-36 


24*54 24 7; 

1 


12 


24-9 


25-08 


25-26 


25-44 


25-62 


25-80 

1 


25-98 


26-16 


^ 

26-34 255: 


18 


26-7 


26-88 


27 06 


27-24 


27-42 


27-60 


27-78 


27-96 


2814 «•: 

> 


U 


28-6 


28-68 


28-86 


29-04 


29-22 


29-40 


29-68 


29-76 29-94 S«12 


15 


30-8 


80-47 


80-64 


80-81 


80-98 


81-16 


31-32 


81-49 


81-66 31^5 


16 


82 
















1 



* The numbers in the first two perpendicular columns were obtained 'j 
Clark experimentally, the other numbers have been calculated. 
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Grouping of the Metals. 

I. 

Silver. 

Lead. 

Monad mercury. 

II. 

Division 1. 

Dyad mercury. 
Bismuth. 
Copper. 
Cadmium. 

Division 2. 

Tin. 

Antimony. 

Arsenic. 

III. 

Nickel. 

Cobalt. 

Iron. 

Manganese. 

Zinc. 

Chromium. 

Aluminium. 

IV. 

Barium. 

Strontium. 

Calcium. 

V. 

Magnesium. 
Potassium. 
Sodium. 
Ammonium. 



A. A 
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The Atomic fFeights of the Metals. 



Aluminium . « 


. 27-5 


Manganese . 


. 55 


Antimony 


. 122 


Mercury . 


. 200 


Arsenic . 


. 75 


Molybdenum 


. 96 


Barium . . . 


. 137 


Nickel . . . 


. 58-7 


Bismuth . 


. 208 


Nitrogen . 


. 14 


Boron. . . . 


11 


Oxygen . . . 


16 


Bromine . . . , 


80 


Palladium 


. 106 


Cadmium. 


. 112 


Phosphorus . 


31 


Calcium . . . . 


40 


Platinum 


. 1975 


Carbon . . . . 


. 12 


Potassium 


. 391 


Chlorine . 


. 35-46 


Selenium . 


79-5 


Chromium . . 


. 52-5 


Silicon . . . 


28 


Cobalt . . . . 


58-7 


Silver .... 


. 108 


Copper 


. 63-4 


Sodium . 


. 23 


Fluorine . . . 


19 


Strontium 


87-5 


Gold 


. 196 


Sulphur . . 


. 32 


Hydrogen . . 


1 


Tin ... . 


. 118 


Iodine . . . . 


. 127 


Titanium . . 


. 50 


Iron . . . . , 


56 


Tungsten . 


. 184 


Lead 


, 207 


Uranium . 


. 120 


Lithium . . . . 


7 


Zinc .... 


. 65-2 


Magnesium . . . 


24 
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Table of the Tension ofAgneout Vapor, 



Ml 
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Table for the Calculation of Direct Nitrogen Detemüneiicns. 

(J. T. Brown.) 

(See p. 320.) 
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TABLES. 861 

METBIC WEIGHTS AND MEASU&BS. 

Standard of Length. The length of a certain bar of metal 

preserved in Paris = Metre. 

Standard of Weight. The weight of water occupying the 

cube of -ri^ metre at 4P = Gramme. 

Standard of Capacity. The cube of -jV metre = litre. 

Larger and smaller weights and measures are expressed by 
attaching the following prefixes to these standards : — 

deca, hecto^ kilo = 10, 100, 1000, respectively, 
deci, centi, milli = Vo> -r^^ tVitö^ respectively, 

ENGLISH WEIGHTS AND MEASÜBES. 

Standard of Length. The distance between two lines on a 

certain bar of metal preserved in 
London = Yard. 

Standard of Weight. The weight of a certain cylinder of 

platinum preserved in London = 
Pound. 

Standard of Capacity. The measure of ten pounds of water 

s= Gallon. 

Measures of Length. 

13 inches = 1 foot. 
3 feet = 1 yard. 

220 yards = 1 furlong. 
8 furlongs = 1 mile. 

Measures of Weight. 

7000 grains = 1 pound. 

16 ounces = 1 pound. 

} 12 pounds = 1 hundredweight« 

20 hundredweights = 1 ton. 

Measures of Capacity. • 

60 minims = 1 fluid drachm. 

8 fluid drachms = 1 fluid oupce. 



SGÜ TABLES4 

20 .fluid ounces = 1 pint. 
8 pints = 1 gallon. 

1 gallon = 277*276 cubic inches. 

COMPARISON OF METRIC WEIGHTS AND MEASURES WITH 
ENGLISH WEIGHTS AND MEASURES. 



Length 



Centimetre 
Metre » 
Metre 
Metre 
Kilometre 

Inch • 
Foot 
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Mile 



Weight. 
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Kilogramme 

Kilogramme 

Grain • 

Ounce 

Pound 

Hundredweight 

Ton 



•394 


inch 


39-37 


inches 


3-281 


feet 


1-094 


yard 


•6214 


mile 


2-54 


centimeties 


30-48 


centimetres 


, -914 


metre 


1-609 


kilometre 


15-432 


grains 


35-274 


ounces 


2-2046 


pounds 



64*8 miUigrammes 

28*3495 grammes 

-45359 kilogramme 
50*8024 kilogrammes 
1016*047 kilogramnK» 



Capacity. 



Cubic centimetre 
Cubic centimetre 
Cubic decimetre (litre) 
Cubic decimetre 
Litre 
Litre 

Cubic metre 
Cubic metre . 



*061 cubic inch 

.*035 fluid ounce 

61-027 cubic inches 

'0353 cubic foot 

35*21 fluid ounces 

1-76 pint 

220-1 gallons 

1-308 cubic yard 
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Cubic inch 


16-88 


cubic centimetres 


Cubic foot 


28-315 


cubic decimetres 


Cubic yard 


•7645 


cubic metre 


Fluid drachm 


8-55 


cubic centimetres 


Muid ounce 


28-89 


cubic centimetres 


Pint 


•568 


litre 


Gallon 


4-543 


litres 
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EXERCISES, 

COMPRISING THE MOST COMMON METHODS 01 

QUANTITATIVE ANALYSIS. 



Betermination. 



Before beginning work, read over the directions given under 
Weighing (p. 17) Filtration and Washing of Frecipitates, Drpng 
of Precipitates, and Ignition of Precipitates (pp. 10-12) . 

Put the weights and results in a book : the mode of entging 
these in the book is given once for all under the first exerase. 
The book should be taken to the balance, so that the weights maj 
be entered at the moment of weighing. 

The results should always be compared with the theoretical re- 
sults obtained bj calculation. You should not leave anj exercise 
until you have obtained two results sufficiently near to the theory. 
No limit of error can be assigned which shall be universally appli- 
cable. 

Detsbmikation of Lead. 

As sulphate. By ignition. 

Weigh a porcelain crucible, put into it about '5 grm, of nitrate of 
lead and weigh again, moisten it with strong sulphuric acid, proceed 
as directed p. 73, allow to cool, and weigh. 

Enter the weights and results as follows : — 

I. n. 

Crucible + Pb (NO,), . . 12-619 13-416 

Crucible 12102 12*947 

Pb (NO,), taken . . , 

Crucible + Pb SO^ , . 
Crucible 



Pb SO, found 



Pb in Pb (NO,), taken . . 
Pb in Pb SO, found . , . 

Error 



•517 


'469 


12-572 
12-102 


13-378 
12947 


•470 


•431 


•323 
•321 


•293 
•294 


•002— 


•001- 



EXERCISES. 865 

The calculation of the Pb in Pb (NOg), taken is made by simple 
proportion in the ordinary manner. 

The calculation of Pb in Pb SO^ found may be made in the same 
manner ; or more easily by reference to p. 357, thus — 
taking I. 

Pb SO, Pb 

•4 = -2732 

•07 = ^0478 







•8210 


Or taking IL 






PbSO, 




Pb 


•4 


» 


•2732 


•03 


= 


•0205 


•001 


= 


•0007 



•2944 

Aa sulphate. By precipitation. 

Weigh a watch glass, put into it about '5 grm. nitrate of lead and 
weigh again,* transfer to a beaker holding about 200 c.c, dissolve 
in a little cold water, precipitate with sulphuric acid and alcohol, 
proceeding as directed p. 73. 

Detebminatioit of Coppeb. 
As cupratis sulphide. By precipitation in the same form, 

"Weigh about 1*5 grm. of crystallized sulphate of copper (CuSO^ 

+ 6 HjOt). Transfer to a beaker holding about 500 c.c, dissolve 

the salt in hot water, cover the beaker with a large watch glass, and 

proceed as directed p. 83, precipitating with hyposulphite of sodium. 

Before igniting refer to Ignition in Hydrogen, p. 13. 

Detebmikatiok of Tik. 
As stannic oxide. By nitric acid. 

Weigh about •S grm. pure tin in a previously weighed platinum 
dish, and proceed as directed p. 86, treating with nitric acid. 

DETEBiaKATIOK OF AbBSVIC. 

As arsenious sulphide. 

Since the arsenious sulphide will have to be weighed after drying 
at 100^, it will be necessary to weigh the filter on which it is to be 

* This is the usual way of weighing the substance in these exercises, 
t When the composition of a salt to be used in these exercises is not 
given, the salt is annydrous. 
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collected. Take a filter and fold it up so that it may be enclosed br 
t^o ground watch glasses without being criimpled, and put it, toge» 
ther with the two watch glasses and a clip, into a water bath, heat 
for one hour, allow to cool, and weigh. 

Weigh about '3 grm. of powdered arsenious acid (As^ OJ, trans- 
fer to a beaker holding about 300 c.c, and dissolve in a little 
potash hj warming. Acidify the clear solution with hjdrochlone 
acid, dilute and proceed as directed p. 92. Dry the precipitate par- 
tially in the funnel over the lamp ; finally take the filter out, fold it 
up, dry with the watch glasses and clip in the water bath, and weigh. 

Detebmikatiok of Ibon. 
Ä9 ferric oxide. By direct precipitation. 

Weigh about '3 grm. of piano wire, transfer to a beaker holding 
about 300 c.c, cover the beaker with a large watch glass, dissolve 
the wire in dilute hydrochloric acid, with the assistance of a few 
drops of strong nitric acid and warming, and proceed as directed 
p. 98. 

Volumetrically. By iodide of potassium and standard hyposulphite 

of sodium. 

Prepare a standard solution of hyposulphite of sodium as di- 
rected p. 102. 

Weigh about '3 grm. of piano wire, transfer to a beaker holding 
about 200 c.c, cover the beaker with a large watch glass, dissolve 
the iron in dilute hydrochloric acid, add about '2 grm. chlorate of 
potassium, and some strong hydrochloric acid, and boil the solution 
till free from chlorous gas. Proceed as directed p. 103. 

Detebiokatjok of Makoanese. 

As protosesquioxide. By precipitation as carbonate. 

Weigh about '5 grtn. protosesquioxide of manganese,* transfer to 
a beaker holding about 300 c.c, dissolve in a little hot strong hydro- 
chloric acid, boil till free from chlorine, dilute and proceed as 
directed p. 103. 

Detebminatiox of Zing. 

As oxide. By precipitation as carbonate. 

Weigh about 1 grm. sulphate of zinc (Zn SO^ + 7 H, O) trans- 
fer to a beaker holding about 500 c.c, dissolve in hot water, cover 
the beaker with a large watch glass, and proceed as directed p. 105. 

Deteemination of Aluminium. 

As alumina. By precipitation. 
Weigh about 1 grm. ammonium alum [Al NH^ (SO^), + 12 H, 01, 

* Prepared by strongly igniting the pure carbonate in an open cru- 
cible for some time. 
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biTansfer to a beaker holding about 500 c.c, dissolve in hot water, 
3 over the beaker with a large watch glass, and proceed as directed 
p. 107. 

Detsbmikatiok or Caxcivh. 

Am lime. 

Weigh about '5 grm. Iceland spar (Ca COg), transfer to a beaker 
lidding about 300 c.c, cover the beaker with a large watch glass, 
dissolve the spar in dilute hydrochloric acid with the aid of heat, 
and proceed as directed p. 110. 

Detesmikatiok of Magkesiitic. 

As pyrophosphate, 

"Weigh about '8 grm. sulphate of magnesium (Mg SO^ + 7 H^O), 
transfer to a beaker holding about 300 c.c, dissolve in cold water 
and proceed as directed p. 111. The filter must be properly in- 
cinerated before being ignited with the precipitate, otherwise the 
platinum crucible may be very materially injured. 

Detebmikattoit or Potassium. 
As chloride of potassium and platinum. 

Weigh a filter as directed under Determination of Arsenic, p. 366. 

Weigh about "3 grm. chloride of potassium, transfer to a porce- 
lain or glass dish, and proceed as directed p. 112. {Mr salts voith 
volatile acids.) 

Deteemhtation op Ammonium. 
As chloride o/ ammonium and platinwm. 

Weigh a filter as directed mhAqt Determination of Arsenic , p. 366. 

Weigh about '3 grm. chloride of ammonium, transfer to a glass 
or porcelain dish, dissolve in a little cold water, and proceed as 
directed p. 114. {For salts with volatile acids ^ 

Detebmikatioit of Htdboohlobic Acid. 
As chloride of silver. Oravimetrically, 

Weigh about '3 grm. rock salt, transfer to a beaker holding 
about 300 c.c, dissolve in hot water, and proceed as directed p. 129. 

As chloride of silver, VoUimetrically. 
With Chromate of potassium. 

Prepare a standard solution of nitrate of silver as directed p. 131. 

Weigh about '1 grm. rock salt, transfer to a beaker holding 
about 200 cc^ dissolve in cold water, and proceed as directed p. 
131. 
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DETEBHiyA.Tio!r OF Cabbokic Aoid. 

By lass of weight. On treatment with acids. 

Fit up the apparatus, fig. 9, p. 150. a should hold about 50 CjC. 
Weigh about '5 grm. Iceland spar (Ca CO^, trauafer to the 
flask, aud proceed as directed p. 149. ( With Nitric Acid.) 

By collection in an absorption tube. 

Fit up the apparatus 'figured p. 151.* 

Weigh about '5 grm. Iceland spar, transfer to the flaak of the 
apparatus, and proceed as directed p. 151. 

Detebmutatiott or Sülphubic Acid. 

As sulphate of barium. 

Weigh about '5 grm. sulphate of potassium, transfer to a beaker 
holding about 300 c.c, dissolve in hot water, and proceed as directed 
p. 164. Care should be taken to detach the precipitate as com- 
pletely as possible from the filter, before incinerating the latter. 
If much precipitate is left in the filter, the filter ash, after being 
allowed to fall on to the crucible lid, should be treated with a drop 
of strong sulphuric acid and dried. 

Sepabatiok Ä.VJ} Detebmikatiojt of Phosphobic Acid. 

Separation with molyhdate of ammonium. 

Determination as pyrophosphate of magnesium. 

Weigh about '2 grm. phosphate of sodium (Na^ HPO^ -|- 12 H,0), 
transfer to a beaker holding about 300 cc, dissolve in hot water, 
and proceed as directed p. 159 {With previous precipitation by molfb- 
date solution) . The filter containing the phosphate of magnesium 
and ammonium must be properly incinerated before being ignited 
with the precipitate, or the platinum crucible may be aeriouslT 
injured. 

Separattoau 

To make stTfe that a separation has been completed, the weiglied 
precipitates should be tested. 

All the precipitates weighed in the course of a complicaied 
analysis should be kept until the conclusion, so that, if required, 
•they may be subsequently tested. 

Sepabatioit op Iboit autd MaitoakeIse. 
Weigh about '2 grm. of piano wire, and about «the same quantitr 

* In the preparation of the smaller Ü tubes, corks may he ooaTeniectlT 
rq^laced by incUambber. 2 or 3 cm. of black indiajrubber tubing is ^pcä 
over the glass tube, which may then, with the aid of a little grease, be 
fitted tightly into the orifice of äie U tube. 
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of protosesquioxide of manganese.* Transfer to a beaker holding 
about 500 C.C., dissolve in a little strong hydrochloric acid, and heat 
^with a little nitric acid till chlorine ceases to escape. D'date, 
nearly neutralise with carbonate of sodium, precipitate the iron 
-with pure carbonate of barium, filter and wash well. 

In the filtrate, determine the manganese as sulphide by precipi- 
tation (p. 104). 

Dissolve the carbonate of barium precipitate in hydrochloric 
acid, and determine the iron by treating with iodide of potassium, 
&c. (p. 103, top.) 

Sepabatioit op Calcium pbom Magitbsium. 

Weigh about '3 grm. Iceland spar and about the same quantity 
of sulphate of magnesium (Mg SO^ + 7 11,0), transfer both to a 
beaker holding about 300 c.c, dissolve in a little dilute hydro- 
chloric acid, heat to boiling, and dilute with about 100 c.c. water. 
Separate the calcium with oxalate of ammonium, as directed p. 209^ 
and weigh as lime (p. 110). 

Evaporate the filtrate and washings to a small bulk, and deter- 
mine the magnesium as pyrophosphate (p. 111). 

Sepabation op Magnesium pbom Sodium. 

Weigh about 1 grm. sulphate of magnesium (Mg SO^ + 7 H,0) 
and about the same quantity of rock salt. Transfer both to a ;^-litre 
flask, dissolve in a little water, and dilute to the mark. 

Take out 100 c.c, transfer to a beaker holding about 200 c.c, 
and determine the magnesium as pyrophosphate (p. 111). 

Treat the rest of the solution in the flask as follows : — Precipi- 
tate the magnesium with milk of lime, remove the excess of calcium 
with oxalate of ammonium (p. 210, 102), and determine the 
sodium as sulphate (p. 113). 

SsPABATioitr OP Potassium pbom Sodium. 

Bif chloride of platinum. 

First prepare a definite mixture of the chlorides of potassium 
and sodium as follows. Ignite about 15 grm. Eochelle salfi 
(KNaC^H^O, + 4H,0) in a platinum crucible, at first gently, then 
more strongly for some time, till it is fully carbonized. When 
cool, extract the black residue with water, and finally with dilute 
hydrochloric acid, filtering the solutions. Evaporate the filtrate to 
dryness in a weighed platinum dish on a water bath, and ignite 
gently. The ignited residue consists of a mixture of chloride of 

* Prepared by strongly igniting the pure carbonate in an open crucible 
for some time. 

B B 
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potassium with chloride of sodiam in the proportion of their oom- 
hining weights. 

When the ignited residue is cool, weigh it, dissolve in a litüe 
water, and proceed according to p. 211, ICM^ weighing the 
potasaium as (chloride of potassium and platinum (p. 112) and 
estimating the sodium by difference. 

Indirectly^ 

Prepare a definite mixture of the chlorides of potassium and 
sodium as directed above, using about '3 grm. Bochelle salt. 

Weigh the dry chlorides, transfer to a beaker holding 200 cc, 
and determine the chlorine with standard nitrate of silrer and 
Chromate of potassium (p. 131). Calculate from the amount of 
chlorine found, the amounts of potassium and sodium as directed 
p. 212, 105. 

Sepabatioüt of Liad from Tis. 
(Akaltsis of Soldeb.) 

Weigh about 1 grm. solder cut in small pieces, transfer to a 
platinum dish, cover the dish with a large watch glass, and 
determine the tin as stannic oxide, by treating with nitaric acid 
(p. 86). 

Evaporate the filtrate to a small bulk, and determine the lead as 
sulphate by precipitation with sulphuric acid and alcohol (p. ^). 

SSPABATIOK OF GOPFEB, ZtVC (AKD LxAB). 

(Analysis of Brass.) 

Weigh about 1 grm. of brass wire, transfer to a porcelain dish, 
lissolve in a little strong nitric acid, add 10 c.c. dilute siilphuiie 
icid, evaporate to dryness on a water bath, add about 25 a.c. wai» 
and heat gently. If an insoluble residue (sulphate of lead) 
remains, filter, and wash with dilute sulphuric acid till free frtNn 
copper. 

Wash the sulphuric acid out of the filter with alcohol, and 
throw the washings away. Dry, ignite and weigh the sulphate 
of lead. 

Dilute the filtrate from the sulphate of lead, precipitate the 
copper with hyposulphite of sodium* and weigh it aa cuprous 
sulphide (p. 83). 

Determine the zinc in the filtrate from the copper by predpi* 
tation as carbonate and weighing as sulphide (pp. 105, 106). 

* If the filtrate is turbid from sulphur, you need not take the inrnbls 
to ffet it clear, as the presence of sulphur wül not in the least intaifan 
with the estimation of the zinc. 
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Special Analysis. 

Aleaximetbt and Aoidimet&y. 
Prepare a standard acid and a standard alkali as directed p. 237. 

Determination of Carbonate of Sodium, 

Weigh about 1 grm. of pure recentlj-ignited carbonate of 
sodium, transfer to a flask holding 200 c.c, dissolve in hot water, 
add a little tincture of litmus and titrate with standard acid. as 
directed p. 238. {Estimation of Alkalies and their Carbonates.) 

Determination of Ammonia, 

Prepare a distilling apparatus as follows. Connect the upper 
end of a Li£BIG*s condenser with a small flask ; connect the lower 
end also with a small flask, and the latter again with a small 
XJ tube. The glass tube leading from the condenser into the 
receiving flask should not reach to the bottom of the flask ; all 
the joints should be air tight, and the exit of the TJ tube should 
be left open. 

Measure 20 c.c. of standard acid, put a little of it into the 
TJ tube, just enough to reach up to the bend ; put the rest into 
the receiving flask and colour it with two or three drops of tincture 
of litmus. 

Weigh about *5 grm. chloride of ammonium, transfer to the 
distilling flask, add some water and then 10 c.c. of potash, and 
distil. Proceed according to p. 115, top. 

Determination of Carbonate of Calcium, 

Weigh about 1 grm. of Iceland spar, transfer to a flask holding 
about 200 c.c, and proceed as directed p. 238. {Estimation of 
j±lkalvne Earths and their Carbonates.) 

Determination of free Add, 

Weigh about 1 grm. of crystallized tartaric acid (C^H.O,), 
transfer to a flask holding 200 c.c, and titrate with standard alkali 
as directed p. 239. 

Chlobimetby. 

Take some common chloride of lime, and find the percentage of 
chlorine in it, as directed p. 240 ; using both methods and com- 
paring the results obtained. 

Yaluatiok of Makgakbbb. 

Take some common '' manganese," powder it very finely, and 
find the percentage of binoxide of manganese in it ; using Bünsbk's 
method (p. 242) and Pbessnivs and Will's method (p. 243), 
and comparing the results obtained. 
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DXTlBMIKi.TIOS OF SUGAB. 

Prepare the copper solution on p. 3(Mt. 

Weigh roughly 5 grm. of commercial grape sugar and dissbhe 
it in 1 litre of water. Estimate the sugar in this solution bj tb? 
two methods given p. 305, and compare the reaulta obtained. 

Oriraaio Aaalysls. 

EsTTHXTiOK or Cabbok äsj> Htdboobk or Tabtabic Acu. 

Proceed exactly according to pp. 315-317. The composition 
of tartaric acid is C^H^O,. 

ESTIKATIOK OF CaBBOK AKD HyDBOGEV IK A NlTBOGISOrS 

Body. 

Take ferrocyanide of potassium (K^Cy.Pe + 3H^0), and procK-d 
as in the analysis of tartaric acid with the difference mentioDei 
p. 318. (/» the presence of nitrogen.) 

ESTIMATIOK or NiTBOOEK. 

Take ferrocyauide of potassium and estimate the nitrogen in i; 
by both methods (pp. 3. 0-322). 
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Acidimetry .... 237 
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„ degrees, explanation . 238 

M n table . . 351 

Alumininm estimation . . . 107 
liydrate, properties . 44 
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nate, properties . 37 
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chloride, properties 52 

molybdate, preparation 

Note 159 

phospho - molybdate, 

properties . 57 

Antimony estimation . . .88 

binoxide, properties 36 

sulphides, properties 35, 36 

Anvil and hammer for crushing 

minerals 10 

Aqueous vapor, table of tension . 360 
Axsenic estimation . • .90 
„ in iron pyrites, estimation . 262 
Araenious add, standard solution for 

chlorine . . . 240 
„ sulphide, properties . 36 
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oxide, properties . 88 
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Calcium estimation . . . 110 
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of indirect separations, 
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M preparation ... 4 
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» » preparation . . 4 
„ iron, analysis . . . 255 
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properties . . .81 
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„ properties . 32, 33 
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^ in hydrogen . . .13 
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Iodic acid estimation . . . 166 

Iodide of starch, standard solution 71 

Iodine estimation . . • 184 
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ON DIGITALIS, with some Observations on the Urine. Fcap. Svo. i 

cloth, 4». Sd, ■ " 



MR. THOMAS BRYANT. F.R.O.8. 



ON THE DISEASES AND INJURIES OF THE JOINTS. 

CLINICAL AND PATHOLOGICAL OBSERVATIONS. Post 8to. cloth, 7». W. 

II. 

CLINICAL SUBGERY. Parts L to Vn. 8to., 8». W. each. 



DR. BUOKLE, M.D., L.R.O.P.LOND. 



VITAL AND ECONOMICAL STATISTICS OF THE HOSPITALS, 

INFIRMARIES, ftc, OF ENGLAND AND WALES. Royal 8to. B$. 



«<«»<SO»^»^/^»^<Ni^» 



OR JOHN OHARLE8 BUCKNILL, F.R.8.. A, DR. DANIEL H. TÜKE. 

A MANUAL OF PSYCHOLOGICAL MEDICINE: containing 

the History, Nosology, Description, Statistics, Diagnosis, Pathology, and Treatment of 
Insanity. Second Edition. 8vo. cloth, 16«. 



DR. BUDD, F.R.8. 
I. 



ON DISEASES OF THE LITER ;; 

f niu.tr8t«!d with Coloured PlatM and Engraying. on Wood. Third Edition. 8to. cloth, 16». J 

^ ON THE ORGANIC DISEASES AND FUNCTIONAL DIS- | 

■ ORDERS OF THE STOMACH. 8to, cloth, 9«. ^^ ^ 
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MR. OALLENOER, PJt.C.S. | 

FEMOBAL RUPTURE: Anatomy of the Parts oonooned. WMIIain. 

8to. cloth, 4f. 



DR. JOHN M. OAMPUN, F.L.S. 

ON DIABETES, AND ITS SUCCESSFUL TREATMENT. 

Third Edition, by Dr. GloTer. Fcap. 8to. cloth, S«. 6c/. 
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MR. ROBERT B. OARTER, M.R.O.8. 

ON THE INFLUENCE OF EDUCATION AND TRAINING 

IN PREVENTING DISEASES OF THE NERVOUS SYSTEM. Fop. 8*», it. 

THE PATHOLOGY AND TREATMENT OF HYSTERIA. Poit 

8vo. cloth, it. 6d. 
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DR. OARPENTERp F.R.S. 

PRINCIPLES OF HUMAN PHYSIOLOGY. With nearly 300 Di»- 

trations on Steel and Wood. Seventh Edition. Edited by Mr. Hbsbt Povsm. 8m 
cloth, 28«. II. 

A MANUAL OF PHYSIOLOGY, with 252 mustrations on Steel J 
and Wood. Fourth Edition. Fcap. 8to. cloth, 12«. Sd. t 

THE MICROSCOPE AND ITS REVELATIONS. With moR I 

than 400 Engravings on Steel and Wood. Fourth Edition. Fcap. Bto, cloth, 12«. 6^ ^ 
MR. JOSEPH PEEL CATLOW, MA.O.S. f 

ON THE PRINCIPLES OF ESTHETIC MEDICINE; or the ; 

Natural Use of Sensation and Deaire in the Maintenance of Health and the Treatment I 
of Disease. 8yo. cloth, 9«. 



DR. CHAMBERS. 
I. 



LECTURES, CHIEFLY CLINICAL Fourth Edition. Syo. doth, 14«. 



XI. 



THE INDIGESTIONS OR DISEASES OF THE DIGESTITE 

ORGANS FUNCTIONALLY TREATED. Second Edition. 8to. cloth, lOa. 6a. 



III. 



SOME OF THE EFFECTS OF THE CLIMATE OF ITALY. 

. Crown 8vo. cloth, 4«. 6d, 

DR. CHANCE, M.B. 

VmCHOW'S CELLULAR PATHOLOGY. AS BASED UPON 

PHYSIOLOGICAL AND PATHOLOGICAL HISTOLOGY. With 144 EagnT^ 
ings on Wood. 8to. cloth, 16«. 

MR. H. T. CHAPMAN, F.R.C.8. 

THE TREATMENT OF OBSTINATE ULCERS AND CUTA- 

NEOUS ERUPTIONS OF THE LEG WITHOUT CONFINEMENT. Third 
Edition. Post 8yo. cloth, 3«. 6d, J 

II. I 

VARICOSE VEINS : their Nature, Consequences, and Treatment» Pallia- A 

tivo and Carative. Second Edition. Post 8vo. cloth, 8«. 6d ft 
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MR. PYE HENRY CHAVA88E, P.R.O.8. 

ADVICE TO A MOTHER ON THE MANAGEMENT OF 

HER CHILDREN. Ninth Edition. Foolscap 8to., 2«. ßd. 

II. 

COUNSEL TO A MOTHER : being a Continuation and the Completion 

of " Adrice to a Mother.** Fcap. 8vo. 2f. 6d, 

in. 

ADVICE TO A WIFE ON THE MANAGEMENT OF HEE 

OWN HEALTH. With an Introdactory Chapter, especially addressed to a Young 
Wife. Eighth Edition. Fcap. 8to., 2«. 6</. 

MR. LE QR08 CLARK, F.R.O.8. 

LECTURES ON THE PRINCIPLES OF SURGICAL DIAG- 
NOSIS : ESPECIALLY IN RELATION TO SHOCK AND VISCERAL 
LESIONS. Dellyered at the Royal College of Surgeons. Sto. cloth, 10«. 6d. 

OUTLINES OF SURGERY ; being an Epitome of the Lectures on the 

Principles and the Practice of Suigery deliyered at St. Thomas's Hospital Fcap. 8to. 
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MR. JOHN CLAY. M.R.O.S. 

KIWISOH ON DISEASES OF THE OVARIES: Translated, by 

permission, from the hist German Edition of his Clinical Lectures on the Special Patho- 
logy and Treatment of the Diseases of Women. With Notes, and an Appendix on the 
Operation of Ovariotomy. Royal 12mo. cloth, 16s. 
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DR. OOOKLE, M.O. 

ON INTRA-THORACIC CANCER. Svo. 6«. 6* 
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MR. OOLLI8, M.B.OUB., F.R.O.8.1. 

THE DIAGNOSIS AND TREATMENT OF CANCER AND 

THE TUMOURS ANALOGOUS TO IT. With eolouied Platei. 8to. doth, 14«. 
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MR. OOOLEY. 
COMPREHENSIVE SUPPLEMENT TO THE PHA£MAC0P(EUS. 

THE CYCLOPEDIA OF PRACTICAL RECEIPTS, Pro- 
cesses, AND COLLATERAL INFORMATION IN THE ARTS, MANU- 
FACTURES, PROFESSIONS, AND TRADES, INCLUDING MEDICINE, 
PHARMACY, AND DOMESTIC ECONOMY ; designed as a General Book of 
Reference for the Manufacturer, Tradesman, Amateur, and Heads of Families. Fourth 
and greatly enlarged Edition, Svo. cloth, 28«. 

MR. ^A/. WHITE COOPER. 

ON WOUNDS AND INJURIES OF THE EYE. Diustrated bj 

17 Coloured Figures and 41 Woodcuts. 8to. cloth, 12«. 

ON NEAR SIGHT, AGED "siGHT. IMPAIRED VISION. 

AND THE MEANS OF ASSISTING SIGHT. With Sllllustrations on Wood. 
Second Edition. Fcap. 8?o. cloth, 7«. 6d. 



^^^^V^^^^^^A^^^^^V^P^ 



SIR A8TLEY COOPERp BART., F.R.8. ♦ 

; ON THE STRUCTURE AND DISEASES OF THE TESTIS, jt 

i With 24 Plates. Second Edition. Royal 4to., 20«. A 
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A DICTIONAET OF PEACTICAL SURGERY AND ENCTCLO- 

PÄDIA OF SURGICAL SCIENCE. New Editioo, Itrongbt down to tlie pntmi 
tisuL By SixUBL A. Laki, F.R.C.S., aniited by nuioiu emineiit SoigMai. vtL L, 

8to. clotbi £1, 6«. ' " * '*■'■'■ * 

MR. HOLMES OOOTE, FJRJOA, 

A REPORT ON SOME IMPORTANT POINTS IN THE 

TREATMENT OF STPHILia 8to. doth, &. 
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DR. OOTTON, M.D., F.R.O.P. 

PHTHISIS AND THE STETHOSCOPE; OR, THE PHYSICAL 

SIGNS OF CONSUMPTION. Fourtli Edition. Foolscap 8to. doth, 3c. 6<f. 
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MR. OOULSON. 

ON DISEASES OF THE BLADDER AND PROSTATE GLAND. 

New EditioDtieTÜed. /« Prymration. 

MR. WALTER OOULSON, FAaS. 

A TREATISE ON STPHILI& 8vo. cloth, lo». 

STONE IN THE BLADDER: its Prerentioii, Euly Sjinptoiiia, and 

Treatment by Lithotrity. 870. cloth, 6a. 
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DR. DALRYMPLE, M.R.O.P., F.R.O.8. 

THE CLIMATE OF EGYPT : METEOROLOGICAL AND MEDI- 

CAL OBSERVATIONS, with Practical Hint* for Invalid TiSTdlcia. Poat 8tol dotk, «jl 



MR. JOHN OALRYMPLE, FK.S., PJt.O.S. 

PATHOLOGY OF THE HUMAN EYE. Complete in Nine Fudcidi: 

imperial 4to., 20«. each; half-boond morocco, gilt topi, 9^ 16$. 
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MR. OURLING, F.R3. 

OBSERVATIONS ON DISEASES OF THE RECTUM, iirini f 

Edition. 870. cloth, 7«. 6i. jj, ^ 

A PRACTICAL TREATISE ON DISEASES OF THE TESTIS, i 

SPERMATIC CORD, AND SCROTUM. Third Edition, with EngravingL 8to. 

cloth, 16f. ■''*■" " ■ " '" 

OR. WILLIAM DALE, M.D.LOND. 

A COMPENDIUM OF PRACTICAL MEDICINE AND MORBID 

ANATOMY. With Pktes, 12mo. cloth, 7«. 



DR. HERBERT DAVIE8. 

ON THE PHYSICAL DIAGNOSIS OF DISEASES OF THE 

LUNGS AND HEART. Second Edition. Pott 8to. doth, 81. 

OR. DAVEY. 

f THE GANGLIONIC NERVOUs''SYSTEM : its structure, Fonctioiis, ♦ 

[ and DiBeates. 8to. cloth, 9«. 11. k 

ON THE NATUIffi MD PROXIMATE CAUSE OF Df- j 

SANITY. Post 8yo. doth, 3f. Q 
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DR. HENRY DAY, M.D., M.R.C.P. 

CLINIOAL HISTOEIES ; with Comments. 8vo. cloth, 7«. ed. 

MR. DIXON. 

A GUIDE TO THE PRACTICAL STUDY OF DISEASES OF 

THE EYE. Tbiid Edition. Post 8to. doth, 9«. 

DR. OOBELL. 

DEMONSTRATIONS OF DISMSES IN THE CHEST, AND 

THEIR PHYSICAL DIAGNOSIS. With Colourad Pbtcb 8to. cloth, 12*. 6d. 

LECTURES ON THE GERMS AND VESTIGES OF DISEASE, 

and on the Prevention of the InTaaioo and Fatality of Diseaae by Periodical EzamiDationi* 
8to. cloth, 68. 6(2. ii^^ 

ON TUBERCULOSIS : ITS NATURE, CAUSE, AND TREAT- 

MENT; with Notes on Pancreatic Juice. Second Edition. Crown 8vo. cloth, 3«. 6d. 

LECTURES ON WINTER COUGH (CATARRH. BRONCHITIS, 

EMPHYSEMA, ASTHMA); with an Appendix on some Principles of Diet in 
Disease. Post 8to. doth, 5«. 6d. 

LECTURES ON THE TRUE FIRST STAGE OF CONSUMP- 

TION. Crown Svo. doth, 3«. 6d. -— — 

DR. TOOGOOD DO>A^NINQ. 

^ NEURALGIA: its various Forms, Pathology, and Treatment. The 
9 Jaoksokiah Pbizb Essay fob 1850. 8yo. doth, 10«. 6d, 
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MR. ERNEST ED>A/ARD8, BJK. 

PHOTOGRAPHS OF EMINENT MEDICAL MEN, with brief 

Analytical Notices of their Works. Vols. I. and JI. (24 Portraits), 4ta doth, 249. each. 

DR. ELAM, M.D. 

MEDICINE, DISEASE, AND DEATH : being an Enqmry into the 

Progress of Medicine as a Practical Art 8vo. cloth, 3f. 6d, 
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DR. EDWARD ELLIS, M.D. 

A PRACTICAL MANUAL OF THE ISEASES OF CHILDREN. 

With a Formolaxy. Crown 8yo. cloth, 6& 
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SIR JAMES EYRE, M.D. 

THE STOMACH AND ITS DIFFICULTIES. Sixth Edition. 

hy Mr. Biali. Fcap. 8to., 2«. 6d, u 

. PRACTICAL REMARKS ON ' SOME ' EXHAUSTING DIS- 

I EASES. Second Edition. Poit 8to. cloth, 4<. 6<i. 



OR. DRUITT, F.R.O.8. 

THE SURGEON'S VADE-MECUM; with nnmeroos Engravings on | 

Wood. Ninth Edition. Foolscap 8to. cloth, 12«. 6(2. 
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tOR. FAYRER, M.O., F.R.C«, CAI. W 

^ CLINICAL SURGERY IN INDIA With Engiavinge. 8vo.cIoth,16«. B 
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DR. PENWIOK. 

THE MOEBID STATES OF ""THE STOMACH AND Duo- 
denum, AND THEIR RELATIONS TO THE DISEASES OF OTHER 
OROANä With 10 PUtM. Sm dotb, 12t. 

THE STUDENT'S GUIDE To' MEDICAL DIAGNOSIS, with 

41 EngiETings. Fcap. 8to. doth, &f. Sd, 
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8IR WILLIAM FERQUaSON, BART., F.R.8. 

A SYSTEM OF PRACTICAL ""SURGEBT; with nnmeroiia niiif- 

tntioni on Wood. Fourth Edition. Fcap. 8to. doth, 12f. 6d. 

LECTUEES ON THE PROGEESS OF ANATOMY AND 

SURGERY DURING THE PRESENT CENTURY. WitltnmiinaDaE^nviB^ 

oTo. dotn, lOf. Dc>. i«.«»»»«w»«wiw»«iin » iiMMi» 

SIR JOHN FIFE, FM.OJa. AND MR. URQUHART. 

MANUAL OF THE TUEEISH BATH. Heat a Mode of Cm imi 

a Source of Strength for Men and AninuÜB. With Engrayingi, Post Bra, doili, 5i; 



MR. FLOWER, F.R.S., F.R.C.8. 

DIAGEAMS OF THE NEEYES OF THE HUMAN BODT, 

exhibiting their Origin, Dirisiont, and Connexions, with their Diitribution to the wkw 
Regions of the Cutaneous Sur&ce, and to all the Musdes. Folio, conlaiiiing Six 
Plates, 14«. 



MR. FLUX. 

THE LAW TO EEGULATE THE SALE OF POISONS WITHLV 

GREAT BRITAIN. Crown Svo. cloth, 2«. Sd. 
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MR. FOWNE8. PH.D., F.R.S. 

A MANUAL OF CHEMISTEY; with 187 niastnuioiui on Wood. 

Tenth Edition. Fcap. 8to. cloth, I4s. 

Edited bj H. Benob Johbs, M.D., F.R.S., and Hbnkt Watts, B^, F.R.Sw 

CHEMISTRY, AS EXEMPLIFYING THE WISDOM AlfD 

BENEFICENCE OF GOD. Second Edition. Fcap. Bto. cloth, As,6d. 

III. 

INTEODUCTION TO QUALITATIVE ANALYSIS. Poet Sva doth, 2*. 

DR. O. J. T. FRANCIS. 

CHANGE OF CLIMATE ; considered as a Remedy in Djspepüc. Pal- 

monary, and other Chronic Affections; with an Account of the most Eligible Places •£ 
Residence for Invalids, at different Seasons of the Year. Post 8to. doth, St. 6JL 



DR. FULLER. 

ON DISEASES OF THE LUNGS AND AIE PASSAGES 

Second Edition. 8Ta cloth, 12«. 6d, 

? ON DISEASES OF THE HEAET AND GEEAT VESSELS. I 

f 8vo. cloth, 7«. 6rf. Ill 

i ON RHEUMATISM, RHEUMATIC GOUT, AND SCIATICA: i 

9 their Pathology, Symptoms, and Treatment. Third Edition. 8to. doth, 12s. $rfL J 
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I PROFESSOR FRESENIUS. i 

■ A SYSTEM OF INSTRUCTION IN CHEMICAL ANALYSIS, f 

Edited by Akthub Vachir. 

QuALiTATiVB. Se?enth Edition. 8yo. cloth, 9t. 
QüANTiTATiVB. Fifth Edition. 8vo. cloth. 
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MR. QALLOWAY. 

THE FIBST STEP IN CHEMISTBY. With namerons Engravings. 

Fourth Edition. Fcap. 8to. cloth, St. 6d. 

A KEY TO THE EXERCISES CONTAINED IN ABOTE. Fcap. 

Bra, 2f. 6d, 

IIL 

THE SECOND STEP IN CHEMISTRY; or, the student's Guide to 

the Higher Branchei of the Science. With Engrayingi. Sto. doth, 10«, 

IV. 

A MANUAL OF QUALITATIVE ANALYSIS. Fifth Edition. 

With EugtaringB. Post Bvo. cloth, 8«. 6d. 

T. 

CHEMICAL TABLES. On Five Large Sheets, for School and Lecture 

Roomi. Second Edition. 4«. ßd. 



MR. J. SAMPSON QAMQEE. 

HISTORY OF A SUCCESSFUL CASE OF AMPUTATION AT 

THE HIP-JOINT (the limb 48-in. in circumference, 99 poundf weight). With 4 
Photographs. 4to doth, lOt. Sd. 

MR. P. J. QANT, P.R.O.8. 

THE PRINCIPLES OF SURGERY : Oiniaü, Medid, and Ope«- 

tive. With Engravingi. Sro, cloth, 18«. 

THE IRRITABLE BLADDER : its Causes and Curative Treatment. 

Second Edition, enlaiged. Crown 8vo. cloth, 5«. 
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MR. GAY. P.R.O.8. 

ON VARICOSE DISEASE OF THE LOWER EXTREMITIES. 

Lettsoxiajt LiCTüBU. With Plates. 8vo. cloth, 5«. 

SIR DUNOAN QIBB. BART., M.D. 

ON DISEASES OF THE THROAT AND WINDPIPE, •» 

reflected by the Laryngoscope. Second Edition. With 116 Engnivingi. Poit 8to. 
cloth, lOc 6d. II. 

THE LARYNGOSCOPE IN DISEASES OF THE THROAT. 

with a Chapter on Rhixoboopt. Third Edition, with EngiaTings. Crown 8yo., 
cloth, 5t. 
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DR. QORDON, M.D., O.B. 

ARMY HYGIENE. Svo. doth, 20.. Tj 

CHINA, FROM A MEDICAL*' POINT OF VIEW : IN 1860 

AND 1861 ; With a Chapter on Nagasaki aa a Sanatarium. 8to. cloth, 10«. 6d, 
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DR. QAIRDNER. i 

ON GOUT ; its History, its Causes, and its dure. Fourth EditloiL Pott 
8to. cloth, 8«. 6d. 

DR. QRABHAM. M.D., M.R.C.P. 

THE CLIMATE AND RESOURCES OF MADEIRA, « 

regarding chiefly the Neceuiüet of Consumption and the Wel&re of InTafida. Wiä 
Map and EngraTingi. Crown Bto. cloth» 5f, 
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DR. GRAVES M.D., F.R.8. 

STUDIES IN PHYSIOLOGY AND MEDICINE. Edii>d I7 

Dr. Stokee. With Portrait and Memoir. Sto. doth, 14«. 
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MR. GRIFFITHS. 

CHEMISTRY OF THE FOUR SEASONS— Spring, Sonn«, 

Autumn, Winter. lUostiated with Engiaringg on Wood. Second Edition. Foeliop 

SYO. cloth, 7f. 6d* ,»wmm,,„.» wi 

THE SIMPLE TREATMENT 'OFMSEASE; dedaoed fix» the 

Methods of Expectancy and Rerulsion. 18mo. doth, 4«. 

T 

DR. QUY AND DR. JOHN HARLEY. ! 

HOOPER'S PHYSICIAN'S VADE-MECUM; OR. MANUAL OF } 

THE PRINCIPLES AND PRACTICE OF PHYSIC. Serenth Editira. Wiib « 
EngraYingi. Foolscap Sto. cloth, 12«. 6d. ^ 

GUY'S HOSPITAL REPORTS. Third Seriea, Vol. XV., Syo. 7«. M. ^ 

OR. HABERSHON, FJi.O.P. ^ 

ON DISEASES OF THE ABDOMEN, comprinng «boM of tbe 

Stomach and other Parts of the Alimentary Canal, (Esophagus, Stomach, Cbcssl 
Intestines, and Peritoneum. Second Edition, with Plates. SToTdoth, 14a. 

ON THE INJURIOUS EFFECTS OF MERCURY IN THE 

TREATMENT OF DI3EA8E. Poet 8to. dotb, St. 6(<. 
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DR. O. RADCLYFFE HALL. 

TORQUAY IN ITS MEDICAL ASPECT AS A RESORT FOE 

PULMONARY INVALIDS. Post 8to. cloth, 5«. 



DR. MARSHALL HALL, F.R.8. 

PRONE AND POSTURAL RESPIRATION IN DROWNING 

AND OTHER FORMS OF APN(EA OR SUSPENDED RESPIRATIOX. 
Post 8to. cloth. 5f. II. 

PRACTICAL OBSERVATIONS AND SUGGESTIONS IN MEDI- 

CINE. SKOnt SktU». Port 8to. cloth, 8«. 6d. 

MR. HARDWIOH. * 

A MANUAL OF PHOTOGRAPHIC CHEMISTRY. Wak ; 

EngntTings. Seventh Edition. Foolscap 8to. cloth, 7«. 6d, * 
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DR. J. BOWER HARRISON, M.D., MJ1.0.P. 

LETTEES TO A YOUNG PRACTITIONER ON THE Dis- 
eases OF CHILDREN. Foolicap 8to. doth, S*. 

ON THE CONTAMINATION OF WATER BY THE POISON 

OF LEAD, and its EffecU on the Human Body. Foolscap 8yo. cloth, 8«. 6{i. 
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DR. HART>A/iQ. 
L 

ON SEA BATHING AND SEA AIR. Second Edition. Fcap. 

8to., 2«. 6d. 

ON THE PHYSICAL EDUCATION OF CHILDREN. Fc»p. 

8yo., 2i, Sd, 
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DR. A. H. HA8SALL. 

THE URINE, IN HEALTH AND DISEASE; being an Ex- 

planation of the Composition of the Urine, and of the Pathology and Treatment of 
Urinary and Renal Disorders. Second Edition. With 79 Engrayings (23 Coloured). 
Post 8vo. cloth, 12«. 6d, 
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MR. ALFRED HAVILAND, M.R.O.8. ^ 

CLIMATE, WEATHER, AND DISEASE ; being a Sketch of the ? 

Opinions of the most celebrated Ancient and Modem Writers with regard to the Influence i 
of Climate and Weather in producing Disease. With Four coloured Engravings. 8to. } 
cloth, 7f. 
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MR. \A^. HAYCOCK, M.R.C.V.8. 

HORSES; HOW THEY OUGHT TO BE SHOD: being a plain 

and practical Treatise on the Principles and Practice of the Farrier's Art With 
14 Plates. Cloth, 7«. 6d. 
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DR. HEADLAND, M.O^ F.R.C.P. 

ON THE ACTION OF MEDICINES IN THE SYSTEM. 

Fourth Edition. 8vo. cloth, 14s. 

n. 

A MEDICAL HANDBOOK ; comprehending such Information on Medical 
and Sanitary Subjects as is desirable in Educated Persons. Second Thousand. Foolscap 
8yo. cloth, 5t. 
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DR. HEALE. 

A TREATISE ON THE PHYSIOLOGICAL ANATOMY OF 4 

THE LUNOa With EngtaTmftt. 8to. doth, 8«. J 

A TREATISE ON VITAL CAUSES. 8vo. doth, 9*. • 
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MR. CHRISTOPHER HEATH, F.R.O.a. 

I. 

PRACTICAL ANATOMY: a Maoual of Dissections. With niimeroiis 

Engnvings. Second Edition. Fcap. 8yo. cloth, 12«. 6^. 

A MANUAL OF MINOR SURGERY AND BANDAGING, TOE 

THE USE OF HOUSE-SURGEONS, DRESSERS, AND JUNIOR PRAC- 
TITIONERS. With IIloBtrations. Third Edition. Fcap. 8m doth, 5«. 

m. 

INJURIES AND DISEASES OF THE JAWS. Jac«öu5 

Pbizi E88AT. With EngraTingg. Sto. cloth, 12«. 



MR. HIQQINBOTTOM. F.R.8.. F.R.O.S.E. 

A PRACTICAL ESSAY ON THE USE OF THE NITRATE OF 

SILVER IN THE TREATMENT OF INFLAMMATION. WOUNDS, AND 
ULCERS. Third Edition, 8to. cloth, 6«. 
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THE HARMONIES OF PHYSICAL SCIENCE IN RELATION 

TO THE HIGHER SENTIMENTS; with Observations on Medical Stndiesa&d« 
the Moral and ScientiBc Relations of Medical Life. Post 8to. doth, 4s. 






MR. J. A. HINQESTON. M.R.O.8. $ 

TOPICS OF THE DAY, MEDICAL. SOCIAI., AND SCIENTIFIC. ): 

Crown 8yo. doth, 7«. 6d. ( 

DR. HODQE8. 

THE NATURE, PATHOLOGY, AND TREATMENT OF PUIR- ! 

PERAL CONVULSIONS. Crown 8to. doth, 3s. 



DR. DECIMU8 H0DQ80N. 

THE PROSTATE GLAND, AND ITS ENLARGEMENT LN 

OLD AGE. With 12 Plates. Royal 8vo. cloth, 6«. 
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MR. JABEZ HOQQ. 

A MANUAL OF OPHTHALMOSCOPIC SURGEKT ; bebg t 

Practical Treatise on the Use of the Ophthalmoscope in Diseases of the Eye. Third 
Edition. With Coloured Plates. Syo. cloth, 10«. Sd. 

MR. LUTHER HOLDEN, FR.0.8. 

L 

HUMAN OSTEOLOGY : with Plates, showing the Attachments of tht 

Muscles. Fourth Edition. 8yo. cloth, 16«. 

A MANUAL OF THE DISSECTION OF THE HUMAN BODI. 

With Engravings on Wood. Third Edition. 8yo. doth, 16«. 

IVIR BARNARD HOLT F.R.C.8. 

ON THE IMMEDIATE TREATMENT OF STEICTURt or : 

THE URETHRA. Third Edition, Enlarged. 8to. doth, 6«; 
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8IR OHARLE8 HOOD, M.D. 

SUGGESTIONS FOR THE FUTURE PROVISION OF CRIMI- 

NAL LUNATICS. 8yo. cloth, 5». 6d. 



DR. P. HOOD. 

THE SUCCESSFUL TREATMENT OF SCARLET FEYER; 

also, OBSERVATIONS ON THE PATHOLOGY AND TREATMENT OF 
CROWING INSPIRATIONS OF INFANTS. Post 8to. cloth, 5«. 

MR. JOHN HOR8LEY. 

A CATECHISM OF CHEMICAL PHILOSOPHY ; being a FamiiUr 

Exposition of the Principles of Chemistry and Physics. With Engravings on Wood. 
Designed for the Use of Schools and Private Teachers. Post 8vo. cloth, 6«. 6d. 

DR. JAMES A. HORTON, M.D. 

PHYSICAL AlO) MEDICAL CLIMATE AND METEOROLOGY 

OF THE WEST COAST OF AFRICA. 8to. doth, 10* 
i MR. LUKE HOV«/ARO, F.R.8. X 

[ ESSAY ON THE MODIFICATIONS OF CLOUDS. Third Ediüon, ♦ 

} by W. D. and E. Howabd. With 6 Litht^graphic Plates, from Pictures by Kenyon. 

P 4to. cloth, 10«. 6d. 
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DR. HAMILTON HOWE, M.D. 

A THEORETICAL INQUIRY INTO THE PHYSICAL CAUSE 

OF EPIDEMIC DISEASES. Accompanied with Tablet. 8vo. cloth, 7t. 
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OR. HUFELANO. 

THE ART OF PROLONGING LIFE Second Edition. Edited 

by Erasmob Wilson, F.K.S. Foolscap 8to., 2«. 6d. 



MR. V</, OURTI8 HUQMAN, F.R.O.8. 

ON HIP- JOINT DISEASE; with reference especiaUy to Treatment 

by Mechanical Means for the Relief of Contraction and Deformity of the Affected Limb. 
With Plates. Re-issue, enlarged. 8to. cloth, 8«. 6d, 




MR. HULKE, F.R0.8. 

A PRACTICAL TREATISE ON THE USE OF THE 

OPHTHALMOSCOPE. Being the Jacksonian Prise Essay for 1859. Royal 8to. 
cloth, 8#. 

DR. HENRY HUNT. 

ON HEARTBURN AND INDIGESTION. 8vo. doth, 6». 

MR. Q. Y. HUNTER, M.R.C.8. T 

[ BODY AND MIND : the Nenons System and its Derangements. ^ 

I Fcap. 8yo. doth« St. 6d. 9| 
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1 MR. JONATHAN HUTOHINSON, FJ?.03. j^ 

A CLINICAL MEMOIR ON CERTAIN DISEASES OF THE 

EYE AND EAR, CONSEQUENT ON INHERITED SYPHIUS ; with m 
appended Chapter of CommentarieB on the Transmission of Sjphilia from Parest ta 
Of&piing, and its more remote Consequences. With Plates and Woodcata, 8to. doth, dt. 

PROF. HUXLEY, LL.D., F.RJ&. 

INTRODUCTION TO THE CLASSIFICATION OF ANMALS. 

With Engravings. 8to. cloth, 6s, 
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DR. INMAN, M.R.C.P. 

ON MYALGIA: ITS NATURE,'' CAUSES, AND TREATMENT; 

being a Treatise on Painful and other Affections of the Muscular Syatem. Seeoad 
Edition. 8yo. cloth, 9s. 

FOUNDATION FOR A NEW THEORY AND PRACTICE 

OF MEDICINE. Second Edition. Crown 8tq. doth, lOt. 
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DR. JAQO. M.D.OXON., A.B.OANTAB . I 

ENTOPTICS, WITH ITS USES IN PHYSIOLOGY AND [ 

MEDICINE. With 5i Engrayings. Crown 8to. cloth, 5s. r 

DR. PR03SER JAMES, M.D. i 

SORE-THROAT : ITS NATURE, VARIETIES, AND TREAT- f 

MENT ; including the Use of the LARYNGOSCOPE as an Aid to Diagnoais. Second \ 

Edition, with numerous Engrarings. Post 8vo. cloth, 5«. a 

DR. JENCKEN, M.D., M.R.O.P. 

THE CHOLERA: ITS ORIGIN, IDIOSYNCRACY, AND 

TREATMENT. Fcap. Svo. cloth, 2>. 6d. 
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DR. HANDFIELD JONES, M.B., F.R.O.P. 

CLINICAL OBSERVATIONS ON FUNCTIONAL NERYOUS 

DISORDERS. Post 8vo. cloth, 10s. Sd. 



DR. H. BENCE JONES. M.Oh FA.8. 

LECTURES ON SOME OF THE APPLICATIONS OF 

CHEMISTRY AND MECHANICS TO PATHOLOGY AND THERA- 
PEUTICS. 8vo. cloth, 12». 

CROONIAN LECTURES ON MATTER AND FORCE. Fop. Sra 

doth, 5s. 
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DR. HANDFIELD JONES, F.R.S., So DR. EDNA^ARD H. SIEVEKINQ. 

A MANUAL OF PATHOLOGICAL ANATOMY, illustrated with ^ 

numerous Engravings on Wood. Foolscap 8to. cloth, 12«. Sd, ** 
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DR. JAMES JONES, M.D., M.R.O.P. 

ON THE USE OF PERCHLOEIDE OF IRON AND OTHER 

CHALYBEATE SALTS IN THE TREATMENT OF CONSUMPTION. Crown 
8to. doth, St. 6d, 

MR. WHARTON JONES, F.R.S. 

A MANUAL OF THE PRINCIPLES AND PRACTICE OF 

OPHTHALMIC MEDICINE AND SURGERY; with Nine Coloured Plates and 
173 Wood Engrayingt. Third Edition, thoroughly revised. Foolscap 8to. cloth, 12«. 6d, 

THE WISDOM AND BENEFICENCE OF THE ALMIGHTY, 

AS DISPLAYED IN THE SENSE OF VISION. Actonian Prise Essay. With 
Illustrations on Steel and Wood. Foolscap 8yo. oloth, 4«. 6d, 

III. 

DEFECTS OF SIGHT AND HEAEmG : their Nature, Causes, Pre- 

yention, and General Management Second Edition, with Engravings. Fcap. 8to. 2«. 6d, 

A CATECHISM OF THE MEDICINE AND SURGERY OF 

THE ETE AND EAR. For the Clinical Use of Hospital Students. Fcap. 8to. 2f. 6d, 

A CATECHISM OF THE PHYSIOLOGY AND PHILOSOPHY 

OF BODY, SENSE, AND MIND. For Use in Schools and Colleges. Fcap. Svo., 
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OR. LAENNEO. 

A MAmiAl OF AUSCULTATION AND PERCUSSION. Trans- 

Uted and Edited bjr J. B. Shakpb, M.R.C^ Sf . 
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DR. LANEi MJK. 

HTDKOPATHT; OK, HYGIENIC MEDICINE An EipUnatoiy 

Essay. Second Edition. Post 8to. cloth, 5«. 
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SIR WM. LAWRENCE, BART, F.R.S. 

LECTURES ON SURGERY. 8to. doth, le». 

A TREATISE ON RUPTURE^''. The Fifth Edition, considerably 

enlarged. 8to. cloth, 16s. 
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DR. LEAREO, M.R.O.P. 

IMPERFECT DIGESTION: ITS CAUSES AND TREATMENT. 

Fifth Edition. Foolscap 8to. cloth, 4f. 6<L 
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MR. HENRY LEE, F.R.O.8. 
I. 



ON SYPHILIS. Second Edition. With Coloured Plates. 8vo. doth, 10*. 



11. 



f^ß^ 



^ 



i ON DISEASES OF THE VEINS, HJIMORRHOIDAL TUMOURS, i 

I AND OTHER AFFECTIONS OF THE RECTUM. Second Edition. 8To.clotb,8(. A 
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DR. EDWIN LEE. | 

THE EFFECT OF CLIMATE ON TUBERCULOUS DISEASE, 

with Noticet of the chief Foreign Places of Winter Retort Small Sto. doth, 4f. 6d. 

THE WATERING PLACES OF ENGLAND, CONSIDERED 

with Reference to their Medical Topography. Fourth Edition. Fcap. 8to. cloth,7f.6i. 

HI. 

THE BATHS OF FRANCE. Founh Edition. Fcap. Svo. doth, 

4«. Sd. xv. 

THE BATHS OF GERMANY. Fourüi EdiÜon. Post 8vo. doth, 7«. 

THE BATHS OF SWITZERLAND. i2mo. doth, s«. 6dL 

HOMEOPATHY AND HYDROPATHY IMPARTIALLY ap- 
preciated. Fourth Edition. Pott 8to. cloth, 3$. 
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OR. ROBERT LEE, P.R.8. 

CONSULTATIONS IN MIDWIFERY. Foolscap Sva doth. 4«. W. 

II. 1 

A TREATISE ON THE SPECULUM; with Three Hundred Case«. ' 

8vo. cloth, 4*. 6rf. III. I 

CLINICAL REPORTS OF OVARIAN AND UTERINE DIS- 3 

EASES, with CommentarieB. Foolscap 8yo. cloth, 6s. 6d, ^ 

CLINICAL MIDWIFERY : comprising the Histories of 545 C^aes of ] 

Difficult, Preternatural, and Complicated Labour, with Commentuiea. Seeond Editifla. « 
Foolscap 8yo. cloth, 5s. ^ 

DR. LEI8HMAN, M.D., P.F.P.8. 

THE MECHANISM OF PARTURITION: An Essaj, mstoncid aod 

CriticaL With Engravings. Bvo. cloth, 5s. 

MR. P. HARWOOO LESOHER. 

THE ELEMENTS OF PHARMACY. Svo. doth, ?#. 6Ä 

MR. LISTON, F.R.8. 

PRACTICAL SURGERY. Fourth Edition. 8to. doth, 22.. 

MR. H. W. LOB a, L.aJK^ M.R.O.S.E. 

ON SOME OF THE MORE OBSCURE FORMS OF NERVOUS 

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. Re-issce, 
with the Chapter on Galyanism entirely Re- written. With Engravings. Svo. doth, 8s. 
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DR. LOQAN, M.D., M.R.C.P.LOND. 

I ON OBSTINATE DISEASES OF THE SKIN. Fcap.8yo.doth,2fc6dL , 

LONDON HOSPITAL. ! 

^ CLINICAL LECTURES AND REPORTS BY THE MEDICAL i 

^ AND SURGICAL STAFF. With Illustrations. Vols. I. to IV. 8va doth, 7s. Gtf. » 
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> LONDON MEDIOAL SOOICTY OF OBSERVATION. 

' WHAT TO OBSERVE AT THE BED-SIDE, AND AFTER 

DEATH. Publiahed by Authority. Second Edition. Foolscap 8to. cloth, 4f. 6d. 
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MR. HENRY LO>A/NDE8, M.R.O.8. 

AN ESSAT ON THE MAINTENANCE OF HEALTH. Fcap. 

MR. M'OLELLAND» F.L.8., F.Q.S. 

THE MEDICAL TOPOGRAPHY, OR CLIMATE AND SOILS, 

OF BENGAL AND THE N. W. PROVINCES. Post 8to. doth, 4*. 6d, 
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DR. MAOLAOHLAN, M.D., F.R.O.P.L. 

THE DISEASES AND INFIRMITIES OF ADYANCED LIFE. 

ovo. cloth| 16<« »,»>#»«>*»■»«».«■*»«■ 

DR. A. O. MACLEOD. M.R.O.P.LONO. 

ACHOLIC DISEASES ; comprising Jaaadlce, Diarrhosa, Djsenteiy, 
and Cholera. Pott 8vo. doth, 5«. 6d, 
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DR. QEORQE H. B. MACLEOD, F.R.C.8.E. 

OUTLINES OF SURGICAL DIAGNOSIS. 8vo. cloth, 12,. sd. 
NOTES ON THE SURGERY OF THE CRIMEAN WAR; with 

REMARKS on QUN-SHOT WOUNDS. 8to. cloth, 10«. 6<f. 

DR. WM. MACLEOD, F.R.O.P.EDIN. 

THE THEORY OF THE TREATMENT OF DISEASE ADOPTED 

AT BEN RHTDDINO. Fe»p. 8to. doth, 2>. 6d. 
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MR. J08EPH MACLI8E, F.R.O.8. 

SURGICAL ANATOMY. A Seri^ of Dissections, illustrating the Prin- 

cipal Regions of the Human Body. Second Edition, folio, cloth, £S. 12«.; half-morocco, 
£4. 4«. 11^ 

ON DISLOCATIONS AND FRACTURES. Thi» Work b Uniform 

with ''Surgical Anatomy;*^ folio, cloth, £2. 10«.; half-morocco, £2. 17«. 

MR. MAONAMARA. 

A MANUAL OF THE DISEASES OF THE EYE. With 

Coloured Plates. Fcap. 8 to. cloth, 12«. 6ä, 

A TREATISE ON ASIATIC CHOLERA: with Map«. 8vo. cloth, 

16«. 

DR. MONiOOLL, M.R.C.P. 

A HAND-BOOK FOR SOUTHPORT, MEDICAL & GENERAL ; 

with Copious Notices of the Natural History of the District. Second Edition. Post 8to. 

ClOtn, V«. Du. .«»wwwiww»»» wiw«^ i x www)» 

DR. MAROET, F.R.8. ^ 

ON CHRONIC ALCOHOLIC INTOXICATION; with an inquiry T 

INTO THE INFLUENCE OF THE ABUSE OF ALCOHOL AS A PRE- 
DISPOSING CAUSE OF DISEASE. Second Edition, much enlarged. Foolscap 
8to. cloth, 4«. Od. 
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f DR. J. MA0PHER80N, MJ>. ^ 

CHOLERA IN ITS HOME ; with a Sketch of the Pathdogy ud Treat- 
ment of the Diiease. Crown 8to. cloth, 5m. 
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OR. MARKHAM. 

DISEASES OF THE HEAKT : THEIR PATHOLOGY, DIAG- 

NOSIS, AND TREATMENT. Second Edition. Port 8m. cloth, 6t. 

SKODA ON AUSCULTATION"'Aia) PERCUSSION. P«t »«>. 

cloth, St. xn. 

BLEEDING AND CHANGE IN TYPE OF DISEASES. 

Gulstoman Lectnrea for 1864. Crown 8yo. 2j. 6d. 
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OR. ALEXANDER MAR8DEN, M.a, F.R.CS. 

A NEW AND SUCCESSFUL MODE OF TREATING CERTACf 

FORMS OF CANCER ; to which ii prefixed a Practical and Sjvtematic DeKriptioa 
of all the Varieties of thii Disease. With Coloured Plates. 8yo. dotli, 6t. 6d. 

SIR RANALD MARTIN, K.O.B., P.R.8. | 

INFLUENCE OF TROPICAL CLIMATES IN PRODUCING ; 

THE ACUTE ENDEMIC DISEASES OF EUROPEANS; indoding Pnctial i 
Obserrations on their Chronic Sequelae under the Influences of the Climate of Enrooe. S 



Second Edition, much enlarged. 8ro. cloth, 20«. V 
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OR. P. MARTVN, MA.LONO. f 

HOOPING-COUGH; ITS PATHOLOGY AND TREATMENT. • 

With Engrayings. 8to. cloth, 2s. Sd. f 

MR. O. F. MAUNOBR, P.R.O.8. 

OPERATIVE SURGERY. With 168 EngraTinga. Post Sto. 6«. 
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DR. MAYNE, MJ>., LL.D. 

AN EXPOSITORY LEXICON '" OF THE TERMS, ANCIENT 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE. 8Tadot]^£3.1(k 

IL 

A MEDICAL VOCABULARY; or, an Explanation of aQ Names, 

Synonymes, Terms, and Phrases used in Medicine and the reUtiTe brand&ea of 
Science. Third Edition. Fcap. 8yo. cloth, 8«. 6d. 
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DR. MERYON, M.D., P.R.O.P. 

PATHOLOGICAL AND PRACTICAL RESEARCHES ON THE 

VARIOUS FORMS OF PARALYSIS. Sto. cloth, 6«. 



DR. W. J. MOORE, M.O. 

HEALTH IN THE TROPICS ; or, Sanitary Art appUed to Europeans ; 

in India. 8to. cloth, 9«. ii. & 

A MANUAL OF THE DISEASES OF INDLA F<»P- ö^o. cloth. 5*. ^ 
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DR. JAMES MORRIS, MD.LOND. ^ 

GERMINAL MATTER AND '' THE CONTACT THEORY: 

An Essay on the Morbid Poisons. Second Edition. Crovm 8vo. cloth, 4a, dd, 

II. 

IRRITABILITY : Popnlar and Practical Sketches of Common Morbid States 

and Conditions bordering on Disease; with Hints for Management, AlleTiation,and Cure. 
Crown 8vo. cloth, At, 6d, %»w.mxww«w.*« »»«»<<>*». 

PROFESSOR MULDER, UTRECHT. 

THE CHEMISTRY OF WINE Edited by H. Bence Jones, M.D., 

F.li.S. Fcap. oYO. dothy ot. . >*».. .»». ^»»»ww. .w 

OR. W. MURRAY, M.D., M.R.O.P. 

EMOTIONAL DISORDERS OF THE SYMPATHETIC SYS- 
TEM OF NEBVES. Crown 8to. cloth, ds, Sd. 



DR. MUSHET, M.B.. M.R.O.P. 

ON APOPLEXY, AND ALLIED AFFECTIONS OF THE 

BRAIN. 8vo. cloth, 7*. ——.-*—— 

MR. NAYLER, F.R.O.8. 

ON THE DISEASES OF THE SKIN, with Plates. 8m cloth, 

DR. BIRKBEOK NEVINS. 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH PHAE- 

MACOPEIA of 1867. 32mo. cloth, 3». 6d, 

DR. THOy^NiOHOLSQN. M.D. 

ON YELLOW FEYEE ; comprising the History of that Disease as it 

appeared in the Island of Antigua. Fcap. 8yo. cloth, 28. 6d, 

DR. NOAD, PH.D., F.R.8. 

THE INDUCTION COIL, being a Popular Explanation of the Electrical 

Principles on which it is constructed. Third Edition. With Engrarings. Fcap. 8to. 
cloth, 39. 
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THE HUMAN MIND °IN if S° ""RELATIONS WITH THE 

BRAIN AND NERVOUS SYSTEM. Post 8vo. cloth, 4ff. 6d. 

MR. NUNNELEY, F.R.O.S.E. 

ON THE OKGANS OF YISION* : their anatomy and phy- 

SIOLOGY. With Plates, 8vo. cloth, 1 6#* 

A TREATISE ON THE NATURE, CAUSES, AND TREATMENT 

OF ERYSIPELAS. 8to. cloth, 10«. 6d. 
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DR. OPPERT, M.D. 

HOSPITALS, INFIRMARIES,'' AND DISPENSARIES; their 

Construction, Interior Arrangement, and Management, with Descriptions of existing 
InstitntiouB. With 58 Engravings. Royal 8vo. cloth, 10«. M, 

VISCERAL AND HEREDITARY SYPHILIS. Sva doth, 6*. 

MR. LANQSTON PARKER. 



SÜiS, \ 

both Primary and Secondary; comprising theJTreatment of Constitutional and Confirmed gf 



THE MODERN TREATMENT OF SYPHILITIC DISEASES, 

both Primary and Secondary; comprising the Treatment of Constitutional an 
Syphilis, by a safe and successful Method. Fourth Edition, 8vo. cloth, 10«. 
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DR. PARKES, F.R.8., FJR.O.P. j 

A MANUAL OF PRACTICAL'* HYGIENE ; intended espcdsiij for 

the Medical Officer! of the Anny. With Plates and Woodcnti. 3rd Edition, Sto. doth, I €■. 

THE URINE: its composition in health and disease, 

AND UNDER THE ACTION OF REMEDIES. 8to. cloth, 12». 
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DR. PARKIN, M.D., F.R.C.8. 

THE ANTIDOTAL TREATMENT AND PRETENTION OF 

THE EPIDEMIC CHOLERA. Third Edition. 8to. doth, 7«. M. 

TEE CAUSATION AND PREVENTION OF DISEASE: with 

the Laws regulating the Extrication of Malaria from the Sor&ce, and ita Difinnon in tke 
■nrronndiDg Air. 8to. cloth, 5«. 



MR. JAMES PART, F.R.C.S. 

THE MEDICAL AND SURGICAL POCKET CASE B(K)K. 

for the Registration of important Caaes in Private Practice, and to aaaiat the Student of 
Hospital Practice. Second Edition. 2«. Bd. 
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DR. PATTERSON, M.D. 



EGYPT AND THE NILE AS A WINTER RESORT FOE l 

PULMONARY AND OTHER INVALIDS. Fcap. Bra cloth, &. ' 
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DR. PAVY, M.Dn F.R.8., F.R.C.P. 

DIABETES : RESEARCHES ON ITS NATURE AND TREAT- . 

MENT. Second Edition. With Engravinga. 8m doth, 10«. 1 

DIGESTION: ITS DISORDERS AND THEIR TREATMENT. 

Second Edition. 8to. cloth, 8t. 6d, 
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DR. PEACOCK, M.D., F.R.O.P. 

ON MALFORMATIONS OF THE HUMAN HEART. With 

Original Cases and Illastrations. Second Edition. With 8 Plates. 8t0. doth, 10a. 

ON SOME OF THE CAUSES AND EFFECTS OF VALTULAR 

DISEASE OF THE HEART. With Engrarings. 8to. doth, U 

OR W. H. PEAR8E, M.D.EDIN. 

NOTES ON HEALTH IN CALCUTTA AND BRITISR 

EMIGRANT SHIPS, indading Ventilation, Diet, and Disease. Fcap. Sti». 2a. 

DR. PEREIRA, F.R.8. 

SELECTA E PRiESCRIPTIS. Fifteenth Edition. 24mo. cloth, 5s. 

DR. PICKFORD. 



\ 




MESSRS. CHURCHILL & SONS PUBLICATIONS. 29 

I PROFESSOR PIRRie» P.R.S.E. • 

THE PRINCIPLES AND PRACTICE OF SURGERY. With 

numerous EngrevingB on Wood. Second Ediuon. Svo. cloth, 24f. 



MMMMMWMWOMMMMMOa« 



PROFESSOR PIRRIE & DR. KEITH. 

ACUPRESSURE : an excellent Method of arresting Surgical Hsmorrhnge 
and of accelerating the healing of Wound«. With Engravings. 8vo. cloth, 5$, 
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DR- PIRRIE. M.D. 

ON HAT ASTHMA, AM) THE AFFECTION TEEMED 

HAT FEVER. Fcap. 8vo. doth, 2«. 64. 
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PROFESSORS PLATTNER & MUSPRATT. 

THE USE OF THE BLOWPIPE IN THE EXAMINATION OF 

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. Illustrated 
hy numerous Engravings on Wood. Third Edition. Svo. cloth, 10«. 6d. 
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MR. HENRY POWER, F.R.O S., M.B.LOND. 

ILLUSTEATIONS OF SOME OF THE PRINCIPAL DISEASES 

OF THE EYE : With an Account of their Symptoms, Pathology and Treatment. 
Twelve Coloured PUtes. 8vo. cloth, 20«. 

DR. HENRY F. A. PRATT. M.D., M.R.O.P. 

THE GENEALOGY OF CREATION, newlj Translated from the 

Unpointed Hebrew Text of the Book of Genesis, showing the General Scientific Accuracy 
of the Cosmogony of Moses and the Philosophy of Creation. 8vo. cloth, 14«. 

ON ECCENTRIC AND CENTRIC FORCE: a New Xheoiy of 

Projection. With Engravings. 8vo. cloth, 10«. 

III. 

ON ORBITAL MOTION: The Ontlines of a System of Physical 

Astronomy. With Diagrams. 8vo. cloth, 7«. Bd, 

ASTRONOMICAL INYESTIGATIONS. The Cosmical Relations of 

the Revolution of the Lunar Apsides. Oceanic Tides. With Engravings. 8vo. cloth, 5«. 

V. 

THE ORACLES OF GOD : An Attempt at a Re-interpretation. Part L 

The Revealed Cosmos. 8vo. cloth, 10«. 
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THE PRESCRIBER'S PHARMACOPCEIA; containing aU the Medi- 

eines in the British Pharmacopoeia, arranged in Cksses according to their Action, with 
their Composition and Doses. By a Practising Physician« Fifth Edition. 32mo. 
cloth, 2s. 6ä,i roan tuck (for the pocket), 3«. Qd. 
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DR. JOHN ROWLISON PRETTY. 

AIDS DURING LABOUR, incladlng the Administration of Chloroform, 
the Management of Placenta and Post-partum Haemorrhage. Fcap. 8vo. cloth, 4«. 6d. 

MR. P. O. PRIOE, F.R.C3. 

AN ESSAY ON EXCISION OF THE KNEE-JOINT, with 

^ Coloured Plates. With Memoir of the Author and Notes by Henry Smith, F.R.C.S. 

I Royal 8vo. cloth, 14«. 
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MR. LAKE PRICE. 9 

PHOTOGRAPHIC MANIPULATION : a Manual ti«atiiig of the * 

Practice of the Art, and ite yaiious Applicatioiu to Nature. With nnzDennia Eagnrii^ 
Second Edition. Crown Syo. cloth, 6t. 6^. 



DR. PRIESTLEY. 

LECTURES ON THE DEVELOPMENT OF THE GRAVID 

UTERUS. 8to. Glotl^ 5«. «d. 

ON THE MODE OF FOMATION^'oY SHELLS OF ANIMALS, 

OF BONE, AND OF SEVERAL OTHER STRUCTURES, by a Pzocm of 
Molecular Coaleioence, Demonttrable in certain ArtifidaUy-fozmed Producta. FcapL 8tq. 
cloth, 4«. M. 

MR. ROBERT RAMSAY AND MR. J. OAKLEY COLES. 

DEFORMITIES OF THE MOUTH, CONGENITAL AND 

ACCIDENTAL : Their Mechanical Treatment With Illnstratioiifl. 8tou doth, St. 
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DR. F. H. RAMSBOTHAM. I 

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDL \ 

CINE AND SURGERY. Illostnted with One Hundred and Twenty Plates oa Steel v 
and Wood: foiming one thick handsome Tolume. Fifth Edition. 8to. cloth, 22t. ?. 
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DR. READE. M.B.T.C.D., LJt.C.S.I. 



I 

SYPHILITIC AFFECTIONS OF THE NERYOUS SYSTDL \ 

AND A CASE OF SYMMETRICAL MUSCULAR ATROPHY ; with otlter t 
Contributions to the Patholqgy of the Spinal Marrow. Post 8to. doth, &*. ^ 



PROFESSOR RED>A/OOD, PH.D. 

A SUPPLEMENT TO THE PHARMACOPCEU : a ooneiM bm 

comprehensiye Dispensatory, and Manual of Facts and Fonnuls, for the nee of Pncti- 
tioners in Medicine and Pharmacy. Third Edition. 8yo. doth, 22s. 
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DR. DU BOIS REYMOND. 

ANIMAL ELECTRICITY ; Edited by H. Bknce Jones, M.D., F.R.S. 

With Fifty Engravings on Wood. Foolscap Svo. cloth, 6#. 
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OR. REYNOLDS, M.D.LOND., F.RA 

EPILEPSY : ITS SYMPTOMS, TREATMENT, AND RELATION 

TO OTHER CHRONIC CONVULSIVE DISEASES. Bto. doth, 10«. 

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPINAL 

CORD, AND THEIR APPENDAGES. Svo. cloth, St. 
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1 DR. B. W. RICHARDSON, F.R.8. I 

♦ ON THE CAUSE OF THE COAGULATION OF THE BLOOD. [ 
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ir Being the Astlby Coopkr Prizb Esbat for 1856. With a Practical Appoidix. 

■ 8vo. doth, 16». * 
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ON OYAEIAN PHYSIOLOGY AM PATHOLOGY. With 

EngrBTingi. 8to. doth, 6*. 
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DR. N/VILUAM ROBERTS, M.D., F.R.C.P. 

AN ESSAY ON WASTING PALSY; being a Systematic Treatise on 
the DiseaM hitherto described as ATROPHIE MUSCULAIRE PROGRESSIVE. 
With Four Plates. 8to. cloth, 5«. 
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DR. ROUTH. 

INFANT FEEDING, AND ITS INFLUENCE ON LIFE; 

Or, the Caawi and Prerention of Inftnt Mortality. Second Edition. Foqi. 8to. clotb, 6i, 



DR. W. H. ROBERTSON. 

THE NATTJEE AND TEEATMENT OF GOUT. 8vo.doth,io..6Ä 
A TEEATISE ON DIET AND REGIMEN, Fourth Edition. 2voifl. 

12«. post 8yo. cloth. 

DR. ROWE. 

NEKYOUS DISEASES, LIYEß AND STOMACH COM- 



: PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS- i 

y ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Sixteenth j 

Edition. Fcap. 8to. 2s. 6d, 
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} DR. ROYLE, F.R.8., AND DR. HEADLAND, M.D. 

A MANUAL OF MATERLi MEDICA AND THERAPEUTICS. 

> With numerous Engrayings on Wood. Fifth Edition. Fcap. 8to. cloth, 12f. 6d, ( 
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DR. RYAN, M.D. 

INFANTICIDE: its law, prevalence, prevention, and 

HISTORY. 8yo. doth, 5«. 
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ST. BARTHOLOMEW« HOSPITAL. 

A DESCRIPTIYE CATALOGUE OF THE ANATOMICAL 

MUSEUM. Vol I. (1846), VoL II. (1851), VoL III. (1862), 8to. dotli, $$. Mch. 

ST. GEORGE'S HOSPITAL REPORTS. Vota. i. to iv. 8to. 7». 6d. 
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MR. T. P. 8ALT, BIRMINGHAM. 

ON DEFOEMITIES AND DEBILITIES OF THE LOWER 

EXTREMITIES AND THE MECHANICAL TREATMENT EMPLOYED 
IN THE PROMOTION OF THEIR CURE. With Plates. 8to. cloth, 15f. 
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Annrmri ^^' «ALTER. FJLB, 

, ASTHMA. Second Edition. 8to. doth, 10«. 
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^ DR. 8ANKEY, M.D.LOND. 



\ LECTURES ON MENTAL DISEASES. Svo. doth, 8.. | 
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OR. 8AN80M, MJ>XjOND. 

CHLOROFORM : its action and administration, a Hmd- 

book. With EngTavingt. Crown 8to. cloth, &f. 

THE ARREST AND PREVENTION OF CHOLERA; bebgi 

Guide to the Antiieptic Treatment. Feap. 8to. doth, 2t, Sd» 
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MR. SAVORY. 

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA- 

NION TO THE MEDICINE CHEST; intended ai a Source of Eaaj BefeieMxäf 
Clergymen, and for Familiet residing at a Distance from Profeeaiooal ^mattnn. 
Seventh Edition. l2mo. cloth, 5«. . . 

OR. dOHAGHT. 

THE MICROSCOPE, AND ITS APPLICATION TO TEGETABLE 

anatomy and physiology. Edited by FaxoxaicK Curuv, M.A, Fcsjl 
8to. cloth, 6«. .^ „ i,.^.— .«, — .*« 

OR. SCORES BY-JA0K80N, M.O., FJFLSJE^ 

MEDICAL CLIMATOLOGY ; or, a Topographical and Meteorological 

Deacription of the Localities resorted to in Winter and Summer by luTalida of Tahoai 
classes both at Home and Abroad. With an Isothermal Chart Poet Bra do«h, lin 
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OR. SEMPLE. 

ON COUGH : its Causes, Varieties, and Treatment. With some pnctlct! i 

Remarks on the Use of the Stethoscope as an aid to Diagnosis. Post Bro. cloth« 4s. m. | 

OR. SEYMOUR. A 

ILLUSTRATIONS OF SOME 'oF THE PRINCIPAL WS- J 

EASES OF THE OVARIA: their Symptoms and Treatment; to which are ftttzei . 
Observations on the Structure and Functions of those parts in the Human Being and is t 
Animals. On India paper. Folio, 16s. 

THE NATURE AND TREATMENT OF DROPSY; cwuid«^ 

especially in reference to the IKseases of the Internal Oigans of the Body, which ao»: 
commonly produce it. 8vo. 5$. 

OR. SMARTER. M.O, F.R.C.P. 

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS 

INFLUENCE UPON HEALTH. Second Ediüon, with Maps. Btq. doth, IQt. t^L 

MR. SHAW, M.R.03. 

THE MEDICAL EEMEMBRANCER ; OR, BOOK OF EMEE- 

GENCIES. Fifth Edition. Edited, withAddition6,byJoNATHANHuTCHiN80N,F.R.C^. 
32mo. cloth, 2«. 6rf. 

OR. SHEA, M.O., BJ<. 

A MANUAL OF ANIMAL PHISIOLOGT with «n Appendix rf 

Questions for the B.A. Loudon and other Examinations. With EngnTii:^ Foobcap 
ByOi clothy 5f. 6d, »» «.«,<„.»<.#,<,<,— 

OR. SHRIMPTON. 

CHOLERA: ITS SEAT, NATURE, AND TREATMENT, wki 

Engrayings* Byo. cloth, 4t. &d, ».«.«.«..«.»«.<-<. f 

MR. U. J. KAY-SHUTTLEWORTH, M.P. < 

FIRST PRINCIPLES OF MODERN CHEMISTRY: • Muuui 

of Inoiganic Chemistry. Second Edition. Crown Svo. doth« 4il ßä. 
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DR. 8IB80N P.R.Sa 

MEDICAL ANATOMY. With coloured Plates. Imperial Mo. Com- 

plete in Seven Faadculi. 5«. each. 
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DR. E. H. 8IEVEKINQ. 

ON EPILEPSY AND EPILEPTIFOEM SEIZURES: their 

Caosea, Pathology, and Treatment. Second Edition. Post 8yo. cloth, 10«. 6(2. 
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DR. SIMMS. 

A VINTEE IN PAEIS : being a few Experiences and Observations 

of French Medical and Sanitary Matters. Fcap. Svo. cloth, 4«. 
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MR. SINCLAIR AND DR. JOHNSTON. 

PRACTICAL MIDWIFERY : Comprising an Account of 18,748 Deli- 
Teries, which occurred in the Dublin Lying-in Hotpital, during a period of Seven Years. 

DR. 8IOROET, M.B.LONO, M.R.O.P. 

MENTONE IN ITS MEDICAL ASPECT. Foolscap Svo. doth, 2». U. 
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MR. ALFRED SMEE, F.R.S. 

GENERAL DEBILITY AND DEFECTIVE NUTRITION; their i 

Causes, Consequences, and Treatment. Second Edition. Fcap. 8to. cloth, 3«. 6cf. 
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DR. SMELLIE. 

OBSTETRIC PLATES ** being a Selection from the more Important and 
Practical Illustrations contained in the Original Work. With Anatomical and Practical 
Directions. 8vo. cloth, 5«. 

MR. HBNRY SMITH, F.R.O.S. 

ON STRICTURE OF THE URETHRA. Svo. doth, 7.. 6rf. 
ILffiMORRHOIDS AND PROLAPSUS OF THE RECTUM; 

Their Pathology and Treatment, with especial reference to the use of Nitric Acid. Third 
Edition. Fcap. 8vo. cloth, 8«. uj 

THE SURGERY OF THE RECTUM. Lettsomian Lectures. Second 
Edition. Fcap. Sra 3«. id. 
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DR. J. SMITH, M.D., F.R.C.S.EDIN. 

HANDBOOK OF DENTAL ANATOMY AND SURGERY, FOR 

THE USE OF STUDENTS AND PRACTITIONERS. Fcap. 8vo. doth, 3ji 6rf. 



«M«k«#«WWWI#«WiMMAiM«l# 



DR. \A^. TYLER SMITH. 

A MANUAL OF OBSTETRICS, THEORETICAL AND PRAG- 

TICAL. Illustrated with 186 Engravings. Fcap. 8vo. cloth, 12«. 6</. 

DR. SNONA^. 

ON CHLOROFORM AND OTHER ANiESTHETICS : their 

ACTION AND ADMINISTRATION. Edited, with a Memoir of the Author, hy 
Benjamin W. Richardson, M.D. 8vo. cloth, 10«. ^, 
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MR. J. VOSE SOLOMON, F.R.C.S. 

TENSION OF THE EYEBALL; GLAUCOMA: some Acconnt of 

the Operations practised in the i9th Century. 8vo. cloth, 4». 
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DR. STANHOPE TEMPLEMAN SPEER. • 

PATHOLOGICAL CHEMISTRY, IN ITS APPLICATION TO 

THE PRACTICE OF MEDICINE. Tmntlated from the French of MM. Bboqcxiil 
and RoDiBB. 8to. cloth, reduced to 8«. 



MR. J. K. SPENDER, M.D.LOND. 

A MANUAL OF THE PATHOLOGY AND TREATMBT 

OF ULCERS AND CUTANEOUS DISEASES OF THE LOWER LIMBS. 
8vo. cloth, 4«. 



MR. PETER SQUIRE. 

A COMPANION TO THE ""BEITISH PHARMACOPEIA 

Seyenth Edition. Bto. cloth, 10«. 6d. ii. 

THE PHARMACOPEIAS OF THE LONDON HOSPITAI^, 

arranged in Groups for easy Reference and Comparison. Second Edition. ISa». 
cloth, 5«. 

DR. STEQQALL. 

A MEDICAL MANUAL FOR APOTHECARIES' HALL AND OTHER MEDICAL 

BOARDS. Twelfth Edition. 12mo. cloth, 10c. 

A MANUAL FOR THE COLLEGE OF SURGEONS ; intended for the Use ^ 

of Candidates for Examination and Practitioners. Second Edition. I2mo. doth, Iflic $ 

III. 

FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR EI 

AMINATION AT THE PHARMACEUTICAL SOCIETY. Third Editios. t 
I Brno, cloth, St. Sd. 
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MR. STOWE, M.R.C.S. 

A T0XI00L06ICAL CHAET, exhibiting at one view the Symptoms, 

Treatment, and Mode of Detecting the yarious Poisons, Mineral, Vegetable, and Anis:^!. 
To which are added, concise Directions for the Treatment of Suapended AniamtifA. 
Twelfth Edition, revised. On Sheet, 2«. ; mounted on Roller, 5s. 

MR. FRANCIS SUTTON, P.O.S. 

A SYSTEMATIC HANDBOOK OF VOLUMETRIC ANALYSIS; 

or, the Quantitative Estimation of Chemical Substances by Measure. With Eagnvings. 
Post 8yo. cloth, 7t. Sd. 



MR. V/, P. S>A^ArN. F.R.C.S. 

INJURIES AND DISEASES OF THE KNE&JOINT, ^ 

Uieir Treatment by Amputation and Excision Contrasted. Jacksonian Prise 
With 36 Engrayings. 8yo. cloth, 9s. 
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DR. 8>WAYNE. 

OBSTETRIC APHORISMS FOR THE USE OF STUDENTS 

COMMENCING MIDWIFERY PRACTICE. With Engravings on Wood. Fwmii 
Edit'.on. Fcap. 8vo. cloth, 3». 6d. 
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8IR ALEXANDER TAYLOR. M.D.. F.R.S.E. 



THE CLIMATE OF PATJ; with a Description of the Watering Places 

of the Pyrenees, and of the Virtaes of their respective Mineral Soorcei in Disease. Third 
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Edition. Post 8vo. cloth, 7«. 
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DR. ALFRED 8. TAYLOR. F.R.S. 

THE PRINCIPLES MD PKACTICE OF MEDICAL JURIS- 

PRUDENCK With 176 Wood EngiaTings. 8to. cloth, 28(. 

A MANUAL OF MEDICAL JURISPRUDENCE. Eighth Edition. 

With Engravings. Fcap. 8vo. cloth, 12«. 6</. 

III. 

ON POISONS, -in relation to MEDICAL JURISPRUDENCE AND 

MEDICINE. Second Edition. Fcap. 8vo. cloth, 12«. U. 
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OR. THEOPHILU8 THOMPSON, F.R.8. 

CLINICAL LECTURES ON PULMONARY CONSUMPTION; 

with additional Chapters by E. Stvis Thompson, M.D. With Plates. 8vo. cloth, 7«. Bd, 
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OR. THOMAS. 

\ THE MODERN PRACTICE OF PHYSIC ; exhibiting the Symp- 

I toms. Causes, Morbid Appearances, and Treatment of the Diseases of all Climates. 

f Eleventh Edition. Revised by Alobrnon Frampton, M.D. 2 vols. 8vo. cloth, 28«. 
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1^ SIR HENRY THOMPSON. F.R O.S. 

I. 



their Pathology and Treatment Jacksonian Prize Essay. With Plates. Third Edition. 
8vo. cloth, 10«. II. 

THE DISEASES OF THE PROSTATE ; their Pathology and Treat. 

ment. With Plates. Third Edition. 8vo. cloth, 10«. 

III. 

PRACTICAL LITHOTOMi' AND LITHOTRITY; or.Aninqniiy 

into the best Modes of removing Stone from the Bladder. With nnmeroos Engravings, 
8vo. cloth, 9«. 

CLINICAL LECTURES ON DISEASES OF THE URINARY 

ORGANS. With Engravings. Second Edition. Crown 8vo. cloth, 5«. 
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DR. THORONA/QOOO, M.D.LOND. 

NOTES ON ASTHMA; its Nature, Forms and Treatment. Crown 

8vo. cloth, 4«. 



DR. THUOIOHUM. 

I. 



A TREATISE ON THE PATHOLOGY OF THE URINE, 

I Including a complete Guide to its Analysis. With PUtes, 8vo. cloth, 14«. X 
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\ A TREATISE ON GALL STONES: their Chemistry, Pathology, ^ 



and Treatment. With Coloured PUtes. 8vo. cloth, 10«. 
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DR. TILT. 

ON UTERINE AND OVARIAN INFLAMMATION, A^J) ON 

THE PHYSIOLOGY AND DISEASES OF MENSTRUATION. Third Ediwau 
8vo. cloth, 12«. 

A HANDBOOK OF UTERINE THERAPEUTICS AND OF 

DISEASES OF WOMEN. Third Edition. Pott 8to. cloth, 10«. 

III. 

THE CHANGE OF LIFE IN HEALTH AND DISEASE: t 

Pnu:tical Treatise on the Nervous and other Affections incidental to Women at tbe Declisie 
of Life. Second Edition. 8to. cloth, 6s, 
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DR. QODWIN TIMMS. 

CONSUMPTION : its Tme Nature and Saccessfol Treatment. Be-issne, 

enlarged. Crown Bvo. cloth, 10«. 

DR. ROBERT B. TODD. F.R.8. 

CLINICAL LECTURES ON THE PRACTICE OF MEDICINE. 

New Edition, in one Volume, EdiUd by Dk. Bbale, 8oo. doth^ 1S#. 

ON CERTAIN DISEASES OF THE URINARY ORGANS, AND • 

ON DROPSIES. Fcap. 8m cloth, 6s. i 
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MR. TOMES, F.R.S. )^ 

A MANUAL OF DENTAL SURGERY. With 208 Engi»Ying» o» * 

Wood. Fcap. 8vo. cloth, 12«. Bd. ? 
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DR. TURNBULL. f 
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AN INQUIRY INTO THE CURABILITY OF CONSUMPTION. 

ITS PREVENTION, AND THE PROGRESS OF IMPROVEMENT IN THE 
TREATMENT. Third Edition. 8to. cloth, 6«. 

A PRACTICAL TREATISE ON DISORDERS OF THE STOMACH 

with FERMENTATION; and on the CauBes and Treatment of Indigestion, &c 8to. 
cloth, 6«. 



MR. TUSON, F.O.8. 

A PHARMACOP(EIA ; including the Outlines of Materia Media 

and Therapeutics, for the Use of Practitioners and Students of Veterinary Medidre. 
Post 8vo. cloth, 7s, 

DR. TWEEDIE. F.R-8. 

CONTINUED FEYERS: THEIR DISTINCTIVE CHARACTERS, 

PATHOLOGY, AND TREATMENT. With Coloured Plate«. 8to. doth, 12«. 
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OR. UNDERWOOD. 

TREATISE ON THE DISEASES OF CHILDREN. Tenth Edition. . 

X with Additions and Corrections hy Hbnry Davibs, M.D. 8to. cloth, 15«. ; 

VESTIGES OF THE NATURAL HISTORY OF CREATION. : 

Eleventh Edition. Illustrated with 106 Engravings on Wood. 8vo. cloth, 7». W. 
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PROF. 8CHROEDER VAN DER KOLK, 

THE PATHOLOGY AND THERAPEUTICS OF MENTAL 

DISEASES. Traiulated by Mr. Rudall, F.R.C.S. 8yo. cloth, 7s, Sd. 
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MR. WADE, F.R.O.8. 

STRICTURE OF THE URETHRA, ITS COMPLICATIONS 

AND EFFECTS; a Practical Treatise on the Nature and Treatment of those 
Affections. Fourth Edition. 8yo. cloth, 7«. 6d. 
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DR. >A^AHLTUOH, M.D. 

A DICTIONARY OF MATERU MEDICA AND THERA- 

PEUTICS. Sra cloth, 15«. 
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DR. NA/ALKER. M.B.LOND. 

ON DIPHTHERIA AND DIPHTHERITIC DISEASES. Fcap. 

8?o. cloth, 3«. 



DR. WALLER. 
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i MR. HAYNES WALTON, P.R.C.S. 

\ SURGICAL DISEASES OF THE ETK with Engravings on 

K Wood. Second Edition. 8to. cloth, 14«. 
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OR. WARINQ, M.D, M.R.CP.LONO. 

A MANUAL OF PRACTICAL THERAPEUTICS. Second Edition, 

Revised and Enlarged. Fcap. 8to. cloth, 12«. 6ä, 

THE TROPICAL RESIDENT "aT HOME. Lette« addressed to 

Europeans returning from India and the Colonies on Subjects connected with their Health 
and General Welfare. Crown 8yo. cloth, 5«. 
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DR. >A/ATER3, F.R.O.P. 

DISEASES OF THE CHEST.' contributions to their 

CLINICAL HISTORY, PATHOLOGY, AND TREATMENT. With Plates. 
8vo. cloth, 12«. 6d. u 

THE ANATOMY OF THE HUMAN LUNG. Ti,e Prize Essaj 

to which the Fothergillian Gold Medal was awarded by the Medical Society of London. 
Post 8 TO. cloth, 6«. 6d. m^ 

EESEAECHES ON THE NATXIRE, PATHOLOGY, AND 

TREATMENT OF EMPHYSEMA OF THE LUNGS. AND ITS RELA- 
TIONS WITH OTHER DISEASES OF THE CHEST. With Engravings. 8vo. 
cloth, 5«. 
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ELEMENTS OF PRACTICAL MIDWIFERY; or. Companion to 

I the Lying-in Room. Fourth Edition, with Plates. Fcap. cloth, 4«. 6d, \ l 



^ DR. ALLAN WEBB, F.R.C3.L. ^ 

THE SUEGEON'S READY RULES FOR OPERATIONS IN i 

SURGERY. Royal 8vo. cloth, 10«. 6d. m 
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A TREATISE ON THE DISEASES OF THE EYE ww, 

Coloured Plates and Wood Engrarings. 870. cloth, 24«. 

II. 

ON LONG, SHORT, AND WEAK SIGHT, »d their Tieatmot br 

the Scientific Uae of Spectacle«. Third Edition. With Platet. Sto. dotli, 6«. 
MR. T. 8PENOER WBLLS, F.R.O.8. 

SCALE OF MEDICINES FOR MERCHANT VESSELS. 

With Obserrationi on the Means of Preserving the Health of Seamen« &c &c 
Seventh Thousand. Fcap. 8yo. cloth, 3*. 6d. 



DR. WEST. 

LECTUEES ON THE DISEASES OF WOMEN. Third Edition. : 

Sto. cloth, 16«. r 
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MR. WHEELER. y 

HAND-BOOK OF ANATOMY FOR STUDENTS OF THE | 

FINE ARTS. With Engravings on Wood. Fcap. 8vo., 2«. 6d. ^ 

DR. WHITEHEAD, F.R.O.S. 

ON THE TRANSMISSION FROM PARENT TO OFFSPRING 

OF SOME FORMS OF DISEASE, AND OF MORBID TAINTS AND 
TENDENCIES. Second Edition. 8vo. cloth, J 0«. 6d. 
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OR. WILLIAMS, P.R.S. 

PRINCIPLES OF MEDICINE: An Elementary View of the Cnses, 

Nature, Treatment, Diagnosis, and Prognosis, of Disease. With brief Remarks on 
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